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Standardized Military Drawings 


To stem the proliferation of contractor-generated Source Control Drawings (SCDs), the US Government 
has established a program to create a single government-controlled SCD for each part in the military 
inventory. This document is called a Standardized Military Drawing (SMD) and is available for use by 
any contractor. By greatly reducing the number of part numbers thus generated, it is much more 
practical to maintain an inventory of these products, reducing acquisition time, cost, and overhead. 


TRW is a strong supporter of this program. We have a number of products currently in the system and 
the list is growing rapidly. Identified below are the products in the inventory at the time of publication 
of this databook, along with the “‘nearest generic equivalent’? TRW part number. Since the Defense 
Electronics Supply Center (DESC) in Dayton, Ohio controls the detailed spec, we manutacture and test 
the product strictly in accordance with that spec. If it varies in any way from the standard specification, 
the SMD is the controlling document. It is important to verify from DESC that you are working from 
the latest revision of the SMD. 


These products are not only available from the government supply channels and from the TRW factory, 
but many are handled through the normal commercial distribution channels, providing ready access to 
full-spec military products. They are all fully compliant with the latest release of MIL-STD-883. 


If you have a need for a product not listed below, contact the factory. We may be working on it; if not, 
we will be delighted to work with you to add it to the program. 


Standardized Military Drawings 


SMD Suffix TRW Part Number Description SMD Suffix TRW Part Number Description 
5962-87600  O1XA _TDC1048B6V 8-Bit 20Msps A/D 5962-89446 O1LX —- TMC2011B2V Multi-Tap Register 
O1XC  —- TDC 1048N6V 013X. - TMC2011C3V 
013A = TDC1048C3V O2LX _ TMC2111B2V 
5962-87786  O1VA —«s TDC 1046BeV 6-Bit 20Msps A/D oehe + 
01VC TDC1046N8V 5962-89715 01XX TMC2301G8V Image Resampler 
5962-88532 O1XC _ TDC1049J0V 9-Bit 30Msps A/D O2AX  TMG290168V1 


O1YX TMC2301L1V 
02YX TMC2301L1V1 


O1YC TDC1049J3V 
01ZA TDC1049C1V 


5962-88739 010A  TMC208KB5V 8x8 Bit Multiplier 2962-89828 OTEX.——TDUIG4ABSV Bit 25Msps A/D 
020A  TMC208KB5V1 5962-90596 TDc1012 12-Bit 20Msps D/A 
030A  TMC28KUB5V TMC2208U4V 8x8 Bit MAC 
040A  TMC28KUB5V1 TMC2310G5V FFT 

5962-89711  OJA  TMC2023B7V 64-BitCorrelator TMC231065V1 
02UA  TMC2023B7V1 TMC2310L4V 

TMC2310L4V1 


013A TMC2023C3V 
023A TMC2023C3V1 
O1LA TMC2023B2V 
02LA TMC2023B2V1 
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A/D Converters Wit 


TRW offers a line of high performance A/D converters that addresses applications from 50kHz to 
1OOMHz. 


For video bandwidths (on the order of 1OMHz), we have converters with resolutions of 4 to 10 bits and 
conversion rates from 18Msps to 100Msps. We pioneered the monolithic video A/D converter in 1977, 
and in 1989 received an Emmy Award for our contributions to the field of video conversion. The 

current offerings are the fourth generation products of TRW’s commitment to quality video conversion. 


The high-resolution high-speed area is addressed by the THC1200 family of 12-bit converters, including 
the smallest available 10Msps 12-bit A/D (the THC1202) and the unique dual-range THC1200, which 
provides nearly 16 bits of dynamic range at 8Msps. 


For slower high-resolution applications, several new low-power CMOS A/Ds include built-in 
Track/Hold circuits: the TMC1061 converts at over 500ksps with 10-bit resolution, while the 
TMC1251/12451 produce 12=bits-plus-sign at 83ksps. The TMC12441 and TMC12451 are tested and 
specified especially for DSP applications. 


The TDC1035 is an an innovative new product that digitizes the peak value of a pulse (as narrow as 
12ns) that occurs any time during a user-defined “‘window’’. It is ideal for high-energy physics 
instrumentation, electronic warfare, and instrumentation. 


Conv RMS/RMS 
Resolution Rate | SNR | 
Product (Bits) (Msps) (dB) Package Grade 2 Notes Page 


TDC1044 4 25 2 B9,N9 16 Pin DIP C, V, SMD A103 
TDC1046 6 25 33 B8 18 Pin DIP C, V, SMD . A113 
TDC1029 6 100 33 B7 24 Pin CERDIP CG 50MHz Input Bandwidth, ECL Interface. A67 
TDC1047 7 20 39 B7 24 Pin CERDIP CAV. A121 
TDC1147 7 15 36 B7 24 Pin CERDIP C,V No Pipeline Delay. Well Suited to A241 
Subranging Converter Applications. 
TDC1001 8 2.5 _ B8 18 Pin CERDIP Cc, A? Successive Approximation Converter. A3 
TDC1025 8 50 44 C1 68 Contact CC C,A ECL Interface. A5l 
L1 68 Lead CC C,A 
TDC1035 8 - ~ B7 24 Pin CERDIP C,V Peak Digitizer. Digitizes Peak Value of A77 
Pulses as Narrow as 12ns. 
TDC1038 8 20 45 B6, N6 28 Pin DIP C,V Low Power Version of TDC1048. A85 
R3 28 Lead PLCC C 
E1 Evaluation Board C 
TDC1048 8 20 45 B6, N6 28 Pin DIP C, V, SMD Industry Standard Video A/D. A131 
C3 28 Contact CC C, V, SMD 
R3 28 Lead PLCC C 
E1 Evaluation Board C 
TDC1058. 8 20 45 B6, N6—-28 Pin DIP C New Industry-Standard Video A/D. A163 
R3 28 Lead PLCC C Single +5V Power Supply. 
E1 Evaluation Board C TDC1048 Performance Equivalent. 
THC1068 8 25 44 $7 24 Pin DIP C,V Complete A/D System, with Input Amplifier, A191 
EI Evaluation Board c Reference, and Output Register. 


Notes: 1. Guaranteed. See product specifications for test conditions. 
2. A=High Reliability, Te= —55°C to 125°C. 
B=Industrial, Tp = —25°C to 85°C. 
C=Commercial, Ty =0°C to 70°C. 
F=Extended Temperature Range, Tp= —55°C to 125°C. 
V=MIL-STD-883 Compliant, Te=—55°C to 125°C 
SMD = Available per Standardized Military Drawing, Te = —55°C to 125°C. 


3. A=High Reliability, Tp = —20°C to 95°C. 


TRW LSI Products Inc. — 1 


A/D Converters 4 


Conv RMS/RMS 
Resolution Rate | SNR | 


Product (Bits) (Msps) (dB) _ Package Grade Notes Page 
TMC1175 8 30 45 N2.. 24PinDIP C, V Low Power CMOS Video A/D A251 
R3- 28 Lead PLCC 8c (titi with Integral Track/Hold. 
E1 Evaluation Board C os 
TDC1049 9 30 48 JO 64 Pin DIP © - C, V, SMD ECL Interface. ° A147 
C1 68 Contact CC _C, V, SMD ee 
G8 68 Pin PGA C,V 
E1 Evaluation Board C 
THC1069 9 37 47 ~~ $B 32 Pin DIP BY Complete A/D System, with Input Amplifier, A207 
E1 Evaluation Board C -Reference, and Output Register. 
TMC1061 10 0.56 ~ B3,N3 20 Pin DIP B, F Monolithic CMOS Sampling A/D Converter A179 
M3 20 Pin SOIC B with Integral Track/Hold. 
EL Evaluation Board C 
TDC1020 10 20 55 Ji 64 pin DIP CV Monolithic Video A/D, TTL Interface, A31 
7. GO 68 Pin PGA C, V +2NV Input Range. 
El Evaluation Board == C 
TAC1626 10 20 55 P3 Module C Low Power Replacement for MOD-1020. Al9. 
THC1070 10 25 54 $5 32 Pin DIP B, V Complete A/D System with Input Amplifier A223 
E1 Evaluation Board » C and Reference. TTL Interface. : 
TAC1025 10 25 55 P3 Module C Low Power Replacement for ZAD 1025. ~ ANY 
THC1200 12 8 62 $3 46 Pin DIP B, V Complete A/D System with T/H and. | A253 
E1 Evaluation Board C Reference. High-Speed Selectable Dual Input 
. _ : Range (+0.167V and +2.5V). 
THC1201 12 10 62 $3 46 Pin DIP B, V Complete A/D System with T/H and A271 
E1 Evaluation Board C Reference. +1.0V Input Range. 
THC1202 12 10 62 $3 40 Pin DIP BV Low Cost Complete A/D System with T/H A287 
E1 Evaluation Board C and Reference. Smallest Available at 
. 10Msps. 
TMC1241 12+ Sign 0.051 — B6 28 Pin CERDIP . B, F Monolithic CMOS A/D with Integral ~ A305 
Ei Evaluation Board C Track/Hold. 
TMC12441 12+ Sign 0.051 76.5 B6 28 Pin CERDIP B, F Specified and Tested for DSP seein: A337 
E1 Evaluation Board C 
TMC1251 12+ Sign 0.083 — B7 24 Pin CERDIP B, F Monolithic CMOS A/D with Integral A319 
E1 Evaluation Board C Track/Hold. 8-Bit Microprocessor Interface. 
TMC12451 = 12+ Sign 0.083 73.5 B7 24 Pin CERDIP B, F Specified and Tested for DSP Applications. A355 
. E1 Evaluation Board =  C 
Notes: 1. Guaranteed. See product specifications for test conditions. 


Bs A=High Reliability, Tp = —55°C to 125°C. 
B=Industrial, Tp = — 25°C to 85°C. 
C=Commercial, T,p=0°C to 70°C. 
F=Extended Temperature Range, Te=—59°C to 125°C. 
V=MIL-STD-883 Compliant, Tp = —55°C to 125°C 
SMD = Available per Standardized Military Drawing, Tp = —55°C to 125°C. 
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TDC1001 (400ns) 


Successive Approximation A/D Converter 
8-Bit, 2.5Msps 


The TRW TDC1001 analog-to-digital converter is a high- Features 

speed, 8-bit successive approximation device. This bipolar, : 
monolithic canverter offers significant advantages in size, d-Bit Resolution . 
cost, and performance, as well as high reliability and ¢ Binary Output Coding 
low-power consumption. TTL Compatible 


All digital interf TTL compatible. A sing See ae 
igital interfaces are compatible. A single . 
+ 5VDC supply is required by the digital circuitry while Stee negster 
—5VDC is required by the analog portion of the device. ° 600mW Power Dissipation 
The analog and digital ground planes are internally e Available In An 18 Pin CERDIP Package 
isolated. 


Applications 
The TDC1001 consists of a comparator, reference buffer, 
8-bit D/A converter, successive approximation register, 
output register, and control circuitry. | ¢ Numerical Control Interface 
e Data Acquisition Systems 


e Microprocessor Systems 


Functional Block Diagram 


COMP Vee Vcc Acno Oenp 


VREF 


REGISTER Do-7 
BUSY 
VIN START CONVERT 
CLOCK | 
3 
TRW LSI Products Inc. Phone: (619) 457-1000 ©TRW Inc. 1990 
PO. Box 2472 FAX: (619) 455-6314 40G00272 Rev. H—11/90 


La Jolla, CA 92038 Printed in the U.S.A. 


TDC1001 
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Pin Assignments 


18 CLK 


Vec 1 

SC 2 17 Ver 

(MSB) D7 3 16 Vin 

Dg 4 15 Agnp 
D5 5 14 COMP 
Dy 6 13 REF 

D3; 7 12 BUSY 
Do 8 11 Dp (LSB) 
D, 9 10 Denp 


18 Pin CERDIP — B8 Package 


Functional Description 


General Information 


The TDC1001 consists of six functional sections: 
comparator for the analog input, reference buffer, 8-bit 
D/A converter (DAC}, successive approximation register 
(SAR}, output register, and control circuitry. The SAR and 
comparator will sequentially compare the analog input to 
the DAC output. The conversion process requires nine 
clock cycles. 


Power 


The TDC1001 operates from separate analog and digital 
power supplies. Analog power (Veg) is —5.0VDC and 
digital power (Vcc) is +5.0VDC. All power and ground 
pins must be connected. 


separate decoupling for each supply is recommended. 
The return for lef, the current drawn from the Ver 

— supply, is Agnp. The return for lec, the current drawn 
from the Vcc supply, is Denp. 


Reference 


The TDC1001 accepts a nominal input reference voltage 
of —Q.5VDC. The voltage should be supplied by a 
precision voltage reference, as the accuracy of this 
voltage will have a significant effect on the overall 
accuracy of the system. The reference voltage input pin 
should be bypassed to Agnp as close as possible to the 
device terminal. 


Analog Input 


The analog input range of the device is set by the 
reference voltage. This is nominally —0.5VDC with an 
absolute tolerance of +0.1VDC. Since the device Is a 
successive approximation type A/D converter, a sample- 
and-hold circuit may be required in some applications. 


Conversion Timing Description 


The timing sequence of the. TDC1001 is typical of 
successive approximation converters. Nine clock cycles” 
are required for each conversion. Start Convert must 
transition from LOW to HIGH a minimum of ts prior to 
the leading edge of the first convert pulse, and must 
remain HIGH a minimum of ty after the edge. 


This first cycle clears the BUSY flag and prepares. the 
device for a new conversion. The following eight clock 
cycles convert each data bit (MSB first, LSB last). During 
these eight clock cycles, the analog input must be held 
stable (to within 1/2 LSB). At tp nanoseconds after the 
rising edge of the eighth clock pulse, the seven most 
significant bits are valid (and the BUSY signal goes 
LOW). At tp nanoseconds after the ninth clock pulse the 
LSB is valid, and the conversion is completed. 


- Data Outputs 


The outputs of the TDC1001 are TTL compatible and 
capable of driving four low-power Schottky TTL (54/74 
LS) unit loads or the equivalent. The outputs hold the 
previous data a minimum time ‘o) after the rising edge 
of Start Convert (SC). 


| Compensation Pin 


The COMPensation pin (COMP), is provided for external 


~ compensation of the internal reference amplifier. 


The compensation capacitor must be connected between 
this pin and Veg. A tantalum capacitor greater than 
10uF is recommended for proper operation. 


Output Coding 


An analog input voltage of O0.0V will produce a digital 
output code of all zeros; an analog input voltage of 
—0.50V will produce a digital output code of all ones. 
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Package Interconnections 


Signal Signal 
Type Name 


Power 


B8 Package Pins 
Analog Supply Voltage —5.0VDC 17 


Digital Supply Voltage + 5.0VDC 1 
oe Analog Ground 0.0VDC 15 


Denp Digital Ground 0.0VDC 10 
Reference an Reference Voltage Input —0.5VDC 13 


Analog Input Analog Input to —0.5V 16 


Start Convert Input 
an Busy Flag Output 


Convert Clock Input 
MSB Output 


A 


Conversion Timing Description 
Outputs 


LSB Output 
Compensation COMP > 10uF 14 


Figure 1. Timing Diagram 
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Figure 2. Simplified Analog Input Equivalent Circuit 
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| Figure 4. Output Circuits 


Figure 3. Digital Input Equivalent Circuit 
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Absolute maximum ratings (beyond which the device may be damaged) | 


Supply Voltage 


M coe MOMMee eae AG: ED ppd sos tannic usa wacssdvantbatausasv ovatus cae sued saaN pve eneanin ke aaquanereageauon dank tlg aussie ushbble cl aponpebtenvostadasaaantbn payne 0 to +6.0V 

Ver (measured to AGND) Sec oOek suo uae os pte tu ips cens eet cd loeb lute Sosa tS tant Stv acetals ess abana cava aa aa Tas hase ALAC 0 to -6.0V 

Pcp: Umea SMa “to UO ial acensasiscsrctesSesesnaze gprs casinos ecav apn edoeoopsboni icon go eieav vendo etal nartcealedeos onic cua eutoednceon sahara -0.5 to + 0.5V 
Input Voltages 

CLK, SC (measured to DY GR a is science cance sizer nant civcrcaae tren tetera athena nadntin acm eLgea tra ante ~0.5 to +5.5V 

Winds. W pace: MM@ASLILE CLO Aaa i) sist sezecssasengsiacssatsssieocaqropeitns eps dan sebes ape backeaes tigen pnaieazcea loa teventac anreginaea ep Ra RECTOR +0.5V to Ve¢V 
Output 

Applied voltage s(rmveesiired: ToD) coggin tisiss cscs ssschgsn asa eatevtaasue a ahaaect ee ttccoaeriag teeta cpmecbaoniephelenetentamsoatiaaabnnannntee -0.5 to +5.5V2 

Applied current, externally forced.......cc.ccsscsssssscsssssssssssssssssssssssssssssssssssssssevesssssssssssessssssessessssssecsessssssecossetessssssssssssesesessssussssscsssssssssseeseesssessenns -1.0 to +6.0mA34 

Short circuit duration (single output in high state to Deapypp)...sssssssssssesssseesassseessssssessssseesusssesussuseenssnesusanscnssseeusneesneesssssesassnsecaseeesnsnseesuasateesins 1 sec 
Temperature 

EI GF eat INCL CASE chicos estes oncstesc eas cchov auth ueseen nascar cate ceev ana c os sos aceite Seuss estes eats cates cessasrcel am caecpeke aac a it nepceeaep eat area leeceaees eat ee, ~60 to +140°C 

RSAC COIN cece vzezsensavsdayestc ts esitg vest gos scare cabal bel tpheveaaet Negev seem tence tinct canna ceesos adapter caaaet nase ceemmee ee eens + 175°C 

Litsercd, Sealed ert (10: gee ctaiNbS) x Sxcsscee’ecctst cscs cs engseaasetsuadeovccabtescccat sivas tay stabs base aeagec sctbawed ead otaabvatndoeiteaeseetvdononobestBcoopravaabosebaamstpsitvente +300°C 

SOO HEE acs esssnriszazzucna sche act po eevesaes texte cacsedaas Cebacs basa oan tnevbst uss sel aecccapeshesacvasagpa Neale neces ned ateiet eatin Meare eh tation te rates -65 to +150°C 
Notes: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 


4 Current is specified as positive when flowing into the device. 


Operating conditions 


Temperature Range 


Standard 


Parameter Units 


Vec Positive Supply Voltage 
-§.25 V 
+0.1 V 


~475 


Veg Negative Supply Voltage -4.75 


Acnp Analog Ground Voltage (Measured to Deno) -0.1 +0.1 


NO 
[om] 


Ro 
~ 


tpw_ Clock Pulse Width, LOW 
tpwH Clock Pulse Width, HIGH 


oe 


ts Start Convert, Set-Up Time 
ty Start Convert, Hold Time 


eae nae Tea 
2 ana 


=> 
a” 


Tp Ambient Temperature, Still Air a a +70 


| 
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Electrical characteristics within specified operating conditions 


Temperature Range 


Extended 


Parameter | Test Conditions | Min | Max | | Min | Max | Units 
lee Positive Supply Current Vee = MAX, Static’ Pf ftom 
lee - Negative Supply Current Veg = MAX, Te = -20°C to +85°C er mA 
IBIAS Analog Input Bias Current pf fT pA 
Incr Reference Current Veep = NOM _ | 25 |] PA 
Raer Total Reference Resistance = ae 200 Ll kOhms 
Rin Analog Input Equivalent Resistance Vere = NOM a a ae kOhms 
Input Current, Logic LOW Voc = MAX, Vj = O5V a ee 
ny Input Current, Logic HIGH | Vee = MAX, Vy) = 2.4V a LA 
Vo, Output Voltage, Logic LOW Voc = MIN, Ig, = MAX a ae ee 
Voy Output Voltage, Logic HIGH | Vec = MIN, Igy = MAX a V 


1. Worst case, all digital inputs and outputs LOW. 


Switching characteristics within specified operating conditions 


Temperature Range 


Parameter an ‘Test Conditions: = = | Min 


Fs Maximum Clock Rate Voc. Vee = MIN ms | | ms | | Mi 
tc Conversion Time | Voc Vee - MIN oan ea | 400s 
in Die Outpt oy A A 


Nate 


Units 


ns 


1. Only the falling edge of BUSY Is tested. 


‘System performance characteristics within specified operating conditions — 


| Temperature Range. 


Ej; Linearity Error Integral, independent p Wwterwm ee % 
a ee 
al 


Ep _ Linearity Error Differential 


Teg Gain Temperature Coefficient | Vee. Veg = NOM +10 dl +10 ppmi°C 
Teg Offset Temperature Coefficient Vec. Ver = NOM eT ae LVIPC 


Tcip —'pias Temperature Coefficient Vec, Veg = NOM | Pf to | at 21°C 
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TDC1001 


Application 


The TOC1001 is a high-speed, TTL compatible. SAR type A/D 
converter. The combination of very small analog signals and 
high-speed digital circuitry requires careful design of 
Supporting analog/digital circuitry. Proper physical component 
layout, trace routing, and provision for sizeable analog and 
digital grounds are as important as the electrical design. 


Two key design areas for fast, accurate A/D conversion are 
timing and grounding. ine timing requirements for inis device 
are detailed in Figure 1. Proper grounding is highly dependent 
on the board's mechanical layout and design constraints. In 
general, the noise associated with improper digital and analog 
ground isolation is synchronous with the clock and appears on 
the analog input. 


Proper Design Practices Include: 


e Sensitive signals such as clock, start convert, analog input, 
and reference should be properly routed and terminated to 
minimize ground noise pick-up and crosstalk. (Wirewrap is 
not recommended for these signals). 


TRW LSI Products Inc. 


Analog and digital ground planes should be substantial and 
common at one point only. Analog and digital power 
supplies should be referenced to their respective ground 
planes. 


Reference voltage should be stable and free of noise. 
Accuracy of the conversion is highly dependent on the 
integrity of this signal. 


The analog input should be driven from a low-impedance 
source (X25 Ohms). This will minimize the possibility of 
picking up extraneous noise. 


Ceramic high frequency bypass capacitors (0.001 to 0.01,.F) 
should be used at the input pins of Vcc, Ver, and REF. All 
pins should be bypassed to Agnp except Vee. 


A tantalum capacitor of greater than 10jF should be 
connected from COMP (pin 14) to Ver. 


A 


TDC1001 Tw 


Figure 5. Typical Interface Circuit 


° +5VDC 
12 J c2 a 
Vec | | i | 
3 
D7 
4 
| Dg 
+5V 5 
Ds 
 7pc1001 6 
Dy 
U1 7 Dp-D7 
CLK 
INPUT - rs 
ANALOG © 
INPUT 


DIGITAL ANALOG 
GROUND GROUND 


*Full Scale Adjustment 


O -5VDC 
Parts List 

Resistors 

R1 909 Ohms = 1% 1/8W 

R2 100 Ohms Multi- Turn Cermet Pot 

R3 1.33 kOhms 1% 1/8W 

R4 2.49 kOhms 1% 1/8W 

Capacitors 


C1,03,05 100 pF = -25V 
C2, C4 0.001 uF = 50V 
CB 0.005 pF = SOV 


Integrated Circuits 


U1 TDC1001J8 TRW 8-bit A/D Converter 

U2 74.8161 TTL 4-bit Counter 

U3 74LS04 TTL Hex Inverter 

D1 LM113-1.22 1.22V Bandgap Voltage Reference 
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Ordering Information 


Product 
Number 


TDC1001B8C 
TDC1001B8A 


Package 
Marking 


STD—T, =0°C to 70°C Commercial 18 Pin CERDIP 
EXT—Te=—55°C to 125°C High Reliability 18 Pin CERDIP 


1001B8C 
1001B8A 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the Qu 


component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TDC1002 (usec! meme 
Discontinued — Use [DC1001 for New Designs 7 mXNvy 


Successive Approximation 
A/D Converter 
8-Bit, 2.5MSPS 


The TRW TDC1002 analog-to-digital converter is a Features 
high-speed, 8—bit Successive approximation device. This 
bipolar, monolithic converter offers significant advantages in . . 
size, cost, and performance, as well as high reliability and © Binary Output Coding 
low-power consumption. e TTL Compatible 


e +1/2 LSB Linearity 


e 8-Bit Resolution 


All digital interfaces are TTL compatible. A single +5VDC 
Supply is required by the digital circuitry while —5VDC is eee eaeN ut meas 

required by the analog portion of the device. The analog and ¢ 600mW Power Dissipation 
digital ground planes are internally isolated. @ Available In 18 Lead DIP 


The TDC1002 consists of a comparator, reference buffer, 8-bit Applications 
D/A converter, successive approximation register, output 


ook ¢ Microprocessor Systems 
register, and control circuitry. P Y 


@ Numerical Control Interface 
e Data Acquisition Systems 


Functional Block Diagram 


COMP Vee Voc Agno Og¢nd 


VREF 


7 BUFFER 


REGISTER Do_7 


BUSY 
Vin i: START CONVERT 
COMPARATOR CLOCK 
13 
TRW LS! Products inc. Phone: (619) 457-1000 ©TRW Inc. 1988 
P.0. Box 2472 Telex: 697-957 40600272 Rev. G-4/88 


La Jolla, CA 92038 TWX: 910-335-1571 Printed in the U.S.A. 
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TDC1007 


Use TDC1048, TDC1038, TDC1058. 


TMC1175 for New Designs 


Monolithic Video A/D Converter 
8-Bit, 20Msps 


The TDC1007 is an 8-bit fully parallel (flash) analog-to- 
digital converter, capable of digitizing an input signal at 
fates up to ZUiVisps (iMegaSampies Per Secong). it 
will operate accurately without the use of an external 
sample-and-hold amplifier, with analog input signals 
having frequency components up to 7MHz. 


A single CONVert (CONV) signal controls the conversion 
operation of the device which consists of 255 sampling 
comparators, encoding logic, and a latched output buffer 
register. The device will recover from a full-scale input 
step in 20ns. Control inputs are provided to format the 
output in binary, two's complement, or inverse data 
coding formats. 


The TDC1007 is patented under U.S. Patent No. 
3283170 with other patents pending. 


Features 


e 8-Bit Resolution 

e Conversion Rates Up To 20Msps 

e Sample-And-Hold Amplifier Not Required 
Rinolar NAannlithin Canotriiatian 
wiyul 1 VIVO WUTlOlLIUULIUET 

e TTL Compatible Inputs And Outputs 7 

e Binary Or Two's Complement Mode 

e Differential Phase=1.0 Degree 


e Differential Gain=1.7% 


Applications 

e Video Systems 3x Or 4x Subcarrier, NISC Or PAL 
e Radar Systems 

High-Speed Multiplexed Data Acquisition 

e Digital Signal Processing 


Functional Block Diagram 


a 


tt tt 
OK ANGY 


Va 


DIFFERENTIAL 
COMPARTORS (255) 
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ot 


255 TO 8 


ENCODER LATCH [77 > 0y_9 
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L 
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TDC1014 
Use TDC1046 tor New Designs 


Monolithic Video A/D Converter 
6-Bit, 25MSPS 


The TRW TDC1014 is a 25 MegaSample Per Second (MSPS!) 
full-parallel (flash) analog-to-digital converter, capable of 
converting an analog signal with full-power frequency 
components up to 12MHz into 6—bit digital words. A 
sample-and—hold circuit is not necessary. All digital inputs and 
outputs are TTL compatible. 


The TDC1014 consists of 63 clocked latching comparators, 
combining logic, and an output buffer register. A single convert 
signal controls the conversion operation. The unit can be 
connected to give either true or inverted outputs in binary or 
offset two's complement coding. 


Note: TRW recommends the use of the TDC1046 for new 
designs. 


Features 


¢ 6-Bit Resolution 
© 1/4 LSB Linearity 
© Sample-And-Hold Circuit Not Required 


@ Available In 24 Lead CERDIP 


Applications 


© Low-Cost Video Digitizing 
© Medical Imaging 

e Data Acquisition 

© TV Special Effects 

© Video Simulators 

e Radar Data Conversion 


Functional Block Diagram 


NMINV 
NLINV 
CONV 


VIN 


Rp 
(63) 


; rin 


DIFFERENTIAL 
COMPARATORS 


63 TO 6 
ENCODER 


e TTi Comnatible 
6 
— } tatce [7 > 04-6 
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TAC1020 and TAC1025 


Complete 10-Bit, 20 and 25 Msps 
Analog-lo-Digital Converter Boards 


The TAC1020 and TAC1025 are A/D converter boards 
complete with voltage reference, input amplifier, track/ 
hold, timing generator, and output registers. They are 
direct replacements for the Analog Devices MOD-1020 and 
offer significant performance improvements while reducing 
power consumption by more than 50%. Based on TRW's 
TDC1020 10-bit flash A/D converter, the TAC1020 achieves 
a 20 Msps (Mega samples per second) conversion rate and 
the TAC1025 converts at 25 Msps. 


The TAC1020 has the exact timing and output 
characteristics of the MOD-1020. The TAC1025 employs 
simple pipeline timing which results in a higher conversion 
rate. All outputs of the TAC1020 are differential ECL 
compatible and the output format is unsigned magnitude. 


Features 


e Direct Replacement For MOD-1020 

e 10-Bit Resolution 

e 20 Msps Conversion Rate For TAC1020 

25 Msps Conversion Rate For TAC1025 

e Only Two Power Supplies Required: +5 And —5.2 Volts 
e Power Consumption Reduced By More Than 50% 

e Adjustable Input Range And Offset 

500 Or 1kQ2 Input Impedance 

e Complete With Voltage Reference And Track/Hold Stage 
e Bandwidth Greater Than 6OMHz 

Differential ECL Input And Outputs 


TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 


Phone: (619) 457-1000 
FAX: (619) 455-6314 


Applications 


e iViedicai imaging Systems 
e High Quality Video 

e Data Acquisition Systems 
e Test Equipment 

e Digital Communications 
e Spectrum Analysis 


Pin Assignments 


N/C (See note 1.) 


N/C (See note 1.) Bit 5 
GND Bit 4 
9 AIN1 Bit 4 
10 | Ajng Bit 3 
11 Vec Bit3 
12 | GND Bit 2 
13. | GND Bit 2 
14 | Bit 10 (LSB) Bit 1 (MSB) 
15 | Bit 10 (LSB) Bit 1 (MSB) 
16 | Bitg DR 
17 | Bit9 GND 


Bit 8 DR 


. #15V supplies are not required with the TAC1020 and 
TAC1025. For compatibility with the MOD-1020, pins 6 
and 7 may be connected to +15 and -15 Volts without 
damage. 
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fe 7 


1KQ 


oe t= 
HA t= osreb sora pasa pasa ro ER D1-1001-10 
1KQ 
Aina 
OFFSET 
ENCODE 
a ee 
eee sos a ee 0 
ENCODE 


Functional Block Diagram, TAC1025 


. 1KO TDC1020 
IN1 “A sh FY REGISTER post} iB D1-1004-10 
1KO 
Ainz 
OFFSET 


ENCODE DR 


es 
es 


ENCODE > DR 
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TAC1020 and TAC1025 


Functional Description 


General Information 


The TAC1020 and TAC1025 are complete Analog-to-Digital 
converter boards that are based upon TRW’s TDC1020 
monolithic flash converter integrated circuit. A wideband 
input amplifier, track/hold, voltage reference, timing and 
output circuits are included on the boards to make the 
TAC1020 and TAC1025 comnlete and very easy to use. 


tuce ul vuvy Lu 


The TAC1020 is rated at 20 Msps and has been designed 


~ to match the timing and output characteristics of the MOD- 


1020 board. The TAC1025 achieves 25 Msps by using a 
simplified pipeline data output design. 


Analog Inputs 


The analog input to the TAC1020 and TAC1025 has an 
equivalent circuit as shown in the Functional Block 
Diagram. \nput impedances and voltage ranges are 
selected by using combinations of the two analog inputs, 
AIN1 and Ajnz. A 1kQ input impedance with a 2 Volt 
peak-to-peak input range is available from either Ajn4 or 
AIN2. A 500Q input impedance with a 1 Volt peak-to-peak 
input range is achieved by connecting both input pins 
together. These inputs may also be used to sum two 
analog signals. 


The GAIN potentiometer affords a +25% adjustment to the 
input range. The analog input range is factory-adjusted for 
+).5 Volts with input signals applied to Aj and Ain? 
simultaneously. The OFFSET adjustment is factory- 
adjusted for 0.0 Volts. The OFFSET control has sufficient 
adjustment range to allow the board to be used with a 
unipolar input ranges of either polarity. 


The on-board reference voltages for the TAC1020 and 
TAC1025 are calibrated at the factory to optimize linearity. 
Fixed and variable resistors are used to set voltage levels. 
Changing these resistors is discouraged because AC and 
DC performance will degrade. 


~TRW LSI Products Inc. 


7 AX 


Encode Command 


The ENCODE input to the TAC1020 and TAC1025 is 
differential 10K ECL-compatible with a 100Q2 input 
impedance between ENCODE and ENCODE (pins 2 and 3). 
The on-board track/hold goes into HOLD after the rising 
edge of ENCODE. In the TAC1020, the on-board timing 
generator then takes over the rest of the conversion cycle 


and data emerges from the outputs according to the 
Timing Diagram of the TAC1020. 


The TAC1025 is also controlled by the rising edge of 
ENCODE, but data progresses through the TAC1025 and 
emerges at its outputs synchronously with respect to 
ENCODE. The Timing Diagram of the TAC1025 shows the 
simple pipeline data flow. There are minimum pulse width 
requirements (tpyyvH, tpyvi) for the ENCODE signal for 
both TAC1020 and TAC1025. 


Outputs and Timing 


The outputs of the TAC1020 and TAC1025 are differential 
10K ECL-compatible, capable of driving 75 to 100Q loads 
connected from each data output to its complement. Data 
skew between bits is held to within 5 nanoseconds. The - 
output data from the TAC1020 Is valid at the falling edge of 
DR (pin 36). Data from the TAC1025 is synchronous with 
respect to the rising edge of ENCODE. 


Power and Thermal Considerations 


The TAC1020 and TAC1025 operates from only two supply 
voltages, +5 and —5.2 Volts. The two N/C terminals (pins 6 
and 7) have no electrical connection to circuitry on the 
board. These pins are used for +15 and —15 Volt power 
supplies on the MOD-1020 board, but have no function on 
the TAC1020 and TAC1025. They may be connected to +15 
Volt power supplies but no current will be drawn from the 
board. 


All power and ground pins must be connected. The 
TAC1020 and TAC1025 are rated for use at up to 70°C in 
still air. They may be used at temperatures up to 85°C with 
500 LFPM of moving air. 
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TAC1020 and TAC1025 wee ee 


Board Interconnections 


Type | Name hes Se Function Pin 
Powe vee I 
Ground | GND | Ground tn. 
Inputs 
see text i 
a ae 
outputs = | Rata Ready =| eT 
{oR DataReady 34 
Cs ae TS aaa meee eee eee 
ecL | 82 
ae a eae een) (Ry: em NE 
a ee eee aires ee ee 
ase OM eed ct a eee | 
PRS 
ae IBR ri ee a a 
Le Oe ee EO ae 
ee er Sea ene Geet «c 8 
5 ae (eee «Coe 
eM ese OO so lente too nena ECL __ 2B 
ae ONO ale ete ee ee Se eet ee 
eee ee ee ECL 20 
[a aaa | eee ae a: (een NN ON 
5 I ce ee Pee 
foe, DOIG oe el ce ces ee eet ag es a ee 
(EES: Sanaa ee nes RIOR 7 On RI: 
aaa aan (era eek ieee, ECL 17 
14 
Bit 10 LSB ECL 15 


2z|w 
| + 
Sma 
fos) 
hoz) 
~ 


Not Connected 
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TAC1020 and TAC1025 _— 


Figure 1. Timing Diagram, TAC1020 
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Figure 2. Timing Diagram, TAC1025 
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Output Coding Table 


Dieee Di0 
VIN MSB LSB 
51.000 V 1111111111 
1.000 V 1111111111 
0.998 V 1111111110 
0.002 V 1000000000 
0.000 V SS TEERETET 
—0.002 V 0111111110 
0.998 V oooc000001 - 

0000000000 


Notes: 1. -2 Volt peak-to-peak input range, AIN4 or AIN2. 
2. Voltages are at code centers. 


Figure 3. ENCODE Input Equivalent Circuit Figure 4. Digital Output Equivalent Circuit 


© Dy OUTPUT | 


© Dy OUTPUT 


1, 
52V 
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TAC1020 and TAC1025 tw 


Absolute maximum ratings (beyond which the board may be damaged)! 


Supply Voltages 
Mar case ves ce becca canals ede oe ocae Asad amis vd Sans ia wea nasa usec nsec ee sda een eet tet —0.5 to +7.0V 
MF Fie eg cee ateic ha coco cet cca apt tp aa al sabe despa aka cd Wan ay es endo et an apg neg ag bade tnd sc aad aoe tarcaeA +0.5 to -7.0V 
Input Voltages 
MUNN Ts WUIRYD Seabee ear Bev enw pew spe ee eee eso wae cava p< Rov aswel ke eR Sona ain eesodnannees Vcc to VEE 
ING DIES ENG OB Bice carede cesta damscahcdie ds stop ecuhea cues aac cece vedas asters ages esteem anu one ue aaa poeta acca Vcc to VEE 
Digital Outputs CA 
POO CeO aoe 3c ath s drach cect a an nreratnanre mana hamest eatin aetna dos Saceye yet nd Meceicanettachetinal a naielniucenact a enateinee oe +0.5V to VEF 
PRP MG Uehara teehee et ae Pe cil tects an Seth ates are ie Salt tea te cea 50mA 
Snon-circuit duration (single: output to GND) cssicseceec ci oa cctds oh eeu les Seeded docects idee nese asec eeaioab ad ateclar lac scores Man arecsesoeals 1 sec 


Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating Conditions are not 
exceeded. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current when flowing into the device. 


Operating conditions’ 


Vcc Positive Supply Voltage | a7 | 50 | 9.25 V 
VEE Negative Supply Voltage V 
VIN Analog Input Voltage Range AIN1 = AIN2 V 


AIN1 or AIN2 


tPWL ENCODE Pulse Width,LOW 
tPWH ENCODE Pulse Width, HIGH 
ENCODE Signal Duty Cycle 


~ ‘ 
os 


tRT ENCODE Pulse Rise Time ns 
tFT ENCODE Pulse Fall Time ns 
VIL Input Voltage, Logic LOW V 
VIH Input Voltage, Logic HIGH Pee, V 
Ri Output Load Resistance Line-to-Line ae Q 
TA Ambient Temperature ea ae 70 ss 


TRW LSI Products Inc. 25 


TAC1020 and TAC1025 joe 


Electrical characteristics! 


RIN Analog Input Resistance2 AIN1 = AIN2 | 495 | 500s] 505 QO 
AIN1 or AIN2 | 1000 | to | 2 
CIN Input Capacitance Ain1, AIN2 ae ae pF 
VOH Output Voltage, Logic HIGH 75Q Line-to-Line ee 
VOL Output Voltage, Logic LOW 75Q Line-to-Line Fey -17 ‘aes V 
TACIOZ0 rr Se eee ee 
Icc Positive Supply Current? fe ee ee 1100 mA 
Pp Power Dissipation Vcc. VEE = Max a a 11.3W 
TACIO2 re ena DS es ee 
icc Posiive SupplyCuren@ | —SSS=~SsSSSC*SCO Ym 
Pp Power Dissipation Vcc, VEE = Max a ie a 9.2W 
Notes: 1. Unless otherwise specified, parameters are guaranteed for Ta = 0°C to +70°C, Vcc = +5.0 Volts, VEF = —5.2 Volts. 
2. TA =25°C only. 
3. Factory potentiometer adjustment. 
Switching characteristics! 
tpo _ Data Output Delay Time2 CLOAD = 50pF eee Sees |e ee, ns 
ia Digital OuputRiseTime | Ss —SsSC~<~dSCS~dCSCi SST SSSC*d 
TACIO20 Lee ee Me ee 
fs Maximum Conversion Rate | Vcc=VEE=Min a ee | Msps 
tsTO Sampling Time Offset ee a (EO 
tDRH Data Ready Pulse Width 20 Msps ns 
TAC1025 eae eial (eee eee coe, 
fs Maximum Conversion Rate Vec=VEE=Min = ha aa Msps 
iSTO__ Sampling Time Ofset eG CO 
tpRH _—— Data Ready Pulse Width 25 Msps ns 
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Notes: 1. Unless otherwise specified, parameters are guaranteed for Ta =0°C to +70°C, Vcc = +5.0 Volts, VEE = —5.2 Volts. 
2. TA =25°C only. 
3. Factory potentiometer adjustment. 
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TAC1020 and TAC1025 eps ns 


System performance characteristics! 


Parameter | Gonditions_ | Min | Nom | Max | Units 
LSB LSB Weight 1V Input Range a ie sare mV 
Eg Gain Error’ pe ts 
ATC Gain Tempco 150 ppm/°C 
Vos___Dffset Voltage’ re: es ee 
tTR Transient Response to .1%, FS step a ae 
toVR Overload Recovery to .1% 2xFS step a oa 
BW ——--3dB Input BW Full-Scale Input 60 | Mz 
TACtO20 ae aes ee 
SFDR Spurious Free Dynamic Range, 
fs = 20 Msps2 
fin = 500kHz 68.9 dB 
SINAD Signal-to-Noise and Distortion | 
Ratio, fs = 20 Msps2 
fin = 500kHz dB 
TAC1025 
SFDR Spurious Free Dynamic Range, 
fs = 20 Msps2 
fIN = 500kHz 68.9 dB 
fin = 50M ps3 | wo | | a 
SINAD Signal-to-Noise and Distortion 
Ratio, fg = 20 Msps2 
fin = 500kHz 55 58.2 dB 
fin = 5.0MHz ae ee 


Notes: 1. Unless otherwise specified, parameters are guaranteed for Ta = 0°C to +70°C, Vcc = +5.0 Volts, VEE = —5.2 Volts. 
2. Ta=25°C only. 
3. Factory potentiometer adjustment. 
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Figure 5. Mechanical Configuration 
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Ordering Information 
TAC1020P3C 20 Msps A/D Converter Board TAC1020P3C 
TAC1025P3C 25 Msps A/D Converter Board TAC1025P3C 


All parameters in this specification are guaranteed by design, characterization, sample testing, or 100% testing, as appropriate. TRW reserves the right to make 
changes to products and specifications without notice. This information does not convey any license under patent rights of TRW LSI Products Inc., TRW Inc., or others. 


Life Support Policy 


TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LS! Products 
Inc. and TRW Inc. against all damages. 
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High-Speed Monolithic A/D Features 
Converter | | : 10-Bit Resolution 
10-Bit, 20Msps 


The TRW TDC1020 is a 20Msps (MeaaSamole Per 
Second) full-parallel (flash) analog-to-digital converter, 


20Msps Conversion Rate 
e Overflow Flag 
e Sampie-And-Hoid Circuit Not Required 


capable of converting a video signal into a stream of e TTL Digital Interface 
10-bit digital words. e Selectable Output Format 
All outputs of the device are TTL compatible, and will Applications 


provide the conversion in unsigned magnitude, or two's ; . 
complement format, and either inverted or noninverted. ° Mieeical imaging Systems 
An output signal indicating overflow condition is also Video Data Conversion 
provided for added flexibility. All digital inputs to the e Radar Data Conversion 
device are TTL compatible. | High-Speed Data Acquisition 


e Process Control 


Functional Block Diagram 
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Functional Description 


General Information ei 


The TDC1020 is a flash analog-to-digital (A/D) converter 
in which each of the 1024 comparators has one input 
biased at one of the transition points of the transfer 
function and all of the other comparator inputs are 
connected to the analog input signal. The output of the 
- comparator array is sometimes referred to as a | 
thermometer’ code as all of comparators biased at 
voltages more positive than the input voltage will be off 
and the rest will be on. The thermometer code from the 
comparator array is encoded into an 11-bit code (10 data 
bits plus an overflow bit]. The format of the code that is 
encoded is determined by the format controls NMINV 
and NLINV so that the data presented to the output 
latches is in binary, two's complement or ne data 
format. 


Power and Thermal Management 


The TDC1020 operates from two supply voltages, +5.0V 


and —5.2V. The bulk of the current drawn by the 
positive supply is returned through the negative supply, 
however, the positive supply should be referenced to 


digital ground (DgNp) and the negative supply to analog 


ground (AGnp). All power and ground pins must be 

connected. The maximum power is drawn at the lower 
limit of the operating temperature range. When the 

device is being operated at elevated temperatures, the 
power dissipation drops, however, thermal management 
will then be a consideration. The TDC1020 is rated for 
operation in a 70°C ambient temperature in still air. 


The power dissipation decreases with increasing 
temperature. TRW specifies the absolute maximum IrF 
and Icc specifications in the Electrical Characteristics 
Table. The worst case conditions are Vcg=5.25V, 
Vef=—5.5V and the case temperature equal to 0°C. 
The case temperature of 0°C is, however, a transient 
condition since the device immediately warms up and 
decreases its power dissipation, upon power up. For 
typical steady state power dissipation as a function of 
ambient temperature, please see Figure 7. | 


It is possible to relax the temperature requirements of 
the device by providing adequate heat sinking. 
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Reference | 


The bias voltages for the comparator. array are provided. 
by use of a serial chain of 1024 equal-valued resistors 
across which the reference voltage is applied. Seven 
equally separated mid-point adjustment taps are provided 
to allow the user to optimize the integral linearity of the 
device. In addition, there are sense leads on the top and 
bottom of the resistor chain which allow the user to . 
minimize the offset and gain errors of the device. It is — 
recommended that the user drive Raz, Raya and Raye 
in order to obtain optimal device performance. One 
method for driving the references is shown in the 
Typical Interface Circuit. The reference top and — 
reference bottom sources must be able to source or sink 
the reference current and since noise on these leads will 
lead to inaccurate conversions, they should be bypassed 
with a capacitor to Agnp. There are in addition 4 more 
reference taps, the use of which is not required to obtain 
0.1% integral linearity. It is recommended that these pins 
be left open (no connection). 


Format Control 


There are two inputs provided on the TDC1020 which 


— control the output format of the device. When NMINV is 
connected to a logic LOW, the MSB is inverted. When 
-NLINV is connected to a logic LOW Do through Djg will 


be inverted. By using various combinations of these 
commands the user can select any of the following 
output data formats: binary, inverted binary, two's © 


complement, inverted two's complement. The Output 


Coding Table shows the output formats generated for 


_ each of the control states. 


Convert 


The analog input to the TDC1020 is sampled at a time 
tsTQ after the rising edge of the CONV signal. The 
output data from the 1024 comparators is encoded into 
the proper format and the final result is transferred to 
the output latches on the next rising edge. This timing ts 


shown in the Timing Diagram (Figure 1). Note that — 


there are minimum LOW and HIGH requirements of the 
CONV signal (tpyyH, tpyyL) which must be met for 
proper device operation. In addition, the performance is 
generally improved if the CONV signal is LOW for as 
long as possible. A circuit which provides an optimized 
waveshape CONV signal to the TDC1020 is shown on 
the Typical Interface Circuit. 
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Analog Input 


The analog input to the TDC1020 has an equivalent TTL (54/74 LS) unit loads. The outputs hold the previous 
circuit shown in Figure 2. \t should be noted that the data a minimum time tyo after the rising edge of the 
major component of the input impedance is capacitance, CONV signal. New data becomes valid after a maximum 
and the input range is 4Vp-p. A low-impedance driving delay time, tp. 

Circuit is recommended for the TDC1020 to obtain good 

dynamic performance. All analog inputs to the TDC1020 No Connects 


EST De One et OA Mie DOPe OP SUOn emis There are several pins labelled No Connect (NC) which A 


converter. AAA nn alanteinnl nnnnanntian tar the nhbin Thace sien 
HaVG WU GIGLUICAGl! CYUINIOLUUIE WO LEIG Ullip. HIGoe Plo 

Outputs should be connected to AGNp for best noise 
performance. 

The data and overflow outputs of the TDC1020 are TTL 


compatible, capable of driving four low power Schottky 


TDC1020 Package Interconnections 


Type Name Value J1 Package Pins GO Package Pins 
15,15, KE, U6, K7, Lo 
U2, K3, C10, Kid 
B2 
[Ars | Reference Resistor, Top Sense | 207 —S—~di 
Rr | Reterence Resistor, Ve Tap | tev) [se —~«d;~« 
Rip ia 
is 
Ra | Reference Resistor, #@ Tap | oov? [a —~=*d*ié 
ie 
Rue | Reference Resistor 68 Tap | -10v1 [a —~+ A 
Ar | Reference Resistor 7 Tap | —tev1 | _—+| 8 
Ag | Reference Resistor, Botom | _-20v [a9 ——~«zéCO 
Format Control E2 
Outputs | OVE | Overflow | CCT Cd 
z 
Dy SB Ti i 
a A (  B 
a ci 
a 
ae ae nS (SL Ar 
Note: 1. Measured values. 
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TDC1020 Package Interconnections (cont.) 


Signal Signal — 
‘Type | Name 


Outputs 


kage Pins | — GO Package Pins 
ee 
ETI 


D10 


6, 7, 8, 9, 24, 25, 26, 27, H2, H1, J2, J1, K1, K2, L4, » 
37, 38, 42, 56, 61, 62, 64 K9, L9, K11, J10, G10, E10, 
B10, A7, A6, A2, D2, D1 


ie | 

as 

por 4 No Connects 
| 

| 


Output Coding Table 


Binary Offset Two's | Complement 


a eel Gee ool eee __Inerted 


NMINV=1_ NMINV =0 NMINV = 1 
Input NLINV =1 NLINV =1 NLINV =0 


MSB —LSB (OVF) 
> 2.000V 0000000000(1) 
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1111111111(1) 1000000000(1) 0111111111(1) 
2.000V 0000000000(0) ~1171111111(0) 1000000000(0) 0111111111(0) 
1.996V 0000000001 (0) 1111111110(0) - 1000000001 (0) 0111111110(0) 
® . e 
e e 
e , = ; e 
0.004V 0111111111(0) 1000000000(0) 1111111111(0) 0000000000(0) 
0.000V 1000000000(0) 0111111111(0) 0000000000(0) 1111111111(0) 
—0.004V 1000000001 (0) 0111111110(0) © 0000000001(0) — 1111111110(0) 
e e 
e e 
@ ; : e 
— 1.996V 1111111110(0) 0000000001 (0) 0111111110(0) 4000000001 (0) 
—2.000V 1171111111(0) 0000000000(0) 0111111111(0) - 1000000000(0) 
Note: Input voltages are at code centers. 
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Figure 1. Timing Diagram 
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Figure 2. Simplified Analog Input Equivalent Circuits 
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Absolute maximum ratings (beyond which the device may be damaged] | 


Supply Voltages 


VGG MMOS UP Ed! TO Denny) ssasasssceanservasdcetevsvasenesusste cnreayuelssaeeustebalpapdusutv ays utecdeseacdougiapidvedaveaactaddtvapaesy ysuvaunbareiavccee hieke —0.5 to +6.0V 
Veg (measured to Agnip) smssssessseessstsiatssnssntasstintnea Na chased Gia Sacha aaetee  010 = 0 OV. 
PIG NID: WMIGCASHF ER 1O:. Dine ccsssssapensavnieaes oud cota vik ce oaand caanasiaatanintchued aves atescaate avieuastatanclaen Maat inigettuna nau —1.0 to +1.0V 
Input Voltages 
CONV, NMINV, NLINV (measured to DN) <setecssiscinteectsganntanaderanior emrastinine en aneenqaoien Mactenin eneeltas —0.5 to +5.5V 
Vi UM@aSUT EG 10 °A a ify) cecseracceccencicsscatenecttaewsnttetansanezn aeehvastattaseccais iia bienedeeeeatrsediyeete umiialecaanliteiy ea Vec to VerV 
ANY CATRLENCE-(MEASUFEU CO: Apsigry): scerasarezs accasssnmnascacleyiniiesichisinctisussrembaicadihak Gry reicseoatings iansasratledanat esha actianbiboiees Vec to VerV 
VrtT (measured to Vpp) seciSestidbsbn he S Assi el eset cakes alate teehee Udita a apesedi seat eats thaleaae a ound —1.0 to +4.4V 
Output 
Applic: vOltagerinicas tured 10>) sp py ssf eects nica sasinssaseeseeesictune ages acuaerece eccteey alta eoardsmea oe —0.5 to +5.5V 
Appliad currents externally fotcad > sicssccsstcersctsscvcsselashoossGaustegatoet aie sageattsadbancsbiciaceaageaneteitlalelbeahasencbbulletdbaattoses ~1.0 to +6.0mA 
Short-circuit duration (single output in HIGH state to Ground) ou... essssssessesessesessssecscssssssesetseseesssssscanenssesesseeesssess 1 Second 
SESE REUTER at vr tees eudeac ease hin tapesvaiisa enter cata et itan Piel cetauhd tbe tcace vit eae Cube nsec a ede ce ta inane deca ecco dale taeosbacanas —1.0 to 1.0mA 
Temperature 
ORIG E AUNUEL S <I ONO NG tz wh tccces ccc t cst hack phe aceite anee cs buagatehun aaicsvas oe ved Sem nacaboss gy caate Genta ao neawates aumeeata ohne —55 to +90°C 
I(T ae: ao) | Pawnee pret tener te eerie entrar: Waele MOT SO Nay erent ERUnTer iy nrg mERGeT Ten TRC Aa Try nem ee wn ET RESO RNA Race were + 175°C 
Lead, soldering (10 Sseennts) asahivenuls tid hide tind aaa tiuaitsenindotaseeeoaceinhcenars i ceeeaalapeciati care teieeriGina ual tories Domenie comes + 300°C 
T1010 ce ee aT OT IT a shia cee etaeapealas, apna ahead —65 to + 150°C 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 
2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


Temperature Range 


Poamet aie [ Nom | —Wax-| “Win [Nom [Wax | Unis 
Vec Positive Supply Voltage . 4.75 | 50 | 525) 475] 50 | 5.25] V 
Vee Nagave Power Sippy Vag Cais [82 [ses | mae [oe [mes 
VAGND Analog Ground Voltage (measured to Dep) sor foo for f 01 | 00 for V 
pw_OOW Pe Wid OW a 
ee Csi [ ao | or | = | ar 
Vet Most Positive Reference Voltage ie or ee V 
Vpp Most Negative Reference Voltage ES 2 eS eS eae a 
VaT-Vpp Reference Voltage Differential ee V 
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Operating conditions (cont.) 


Temperature Range 


Parameter Min [Nom [Max | Min [ Nom [ Max | Unis 


Tp Ambient Temperature, C-Grade i a a a ee ee ee °C 
| a ae, Laced 


Te Case Temperature, V-Grade 


Temperature Range 
| Commercial | Extended | 
Test Conditions | Min | 


lec Total Positive Supply Current Veco = Ver = Max S| a0 | 
IEF Total Negative Supply Current | Veep =Max F | 500 ff 500 | mA 
REF: ete rence Curten! Yale /RB = NOM | | oT em 
Reef Reference Chain Resistance Vat, Vap=Nom Tr ea 

Rin Analog Input Resistance Vat Vagp=Nom, Vin=Vpp 3000 = 2000 fs Ohms 
Cin Analog Input Capacitance Vet Vap=Nom, Vin=Vpp Ff 800 J 800 pF 


lL Input Current, Logic LOW Vec= Max, V;=0.5V 
NH Input Current, Logic HIGH Vec = Max, Vj =2.4V 


pees ol 
I Input Current, Maximum Vec=Max, Vj =5.25V Ld 


VoL Output Voltage, Logic LOW Vec=Min, Io, =Max 


Units 


3 
> 


VoH Output Voltage, Logic HIGH Vec=Min, Ip, =Max eae V 

los Short-Circuit Output Current Vcc =Max, output HIGH, one pin to —35 mA 
ground, one second duration max. 

C Digital Input Capacitance Ty = 25°C, f= 1MHz a es ee pF 


Switching characteristics within specified operating conditions 


Temperature Range 
| Commercial | Extended | 


Parameter Test Conditions | Min | Max | Min | Max | Units 
Fs Maximum Conversion Rate Veg=Min, Vec=Min oo ae [ one, Msps 
tsTo Sampling Time Offset Veg =Max, Vec = Max = 
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System performance characteristics within specified operating conditions 


Temperature Range 
Typ 


Parameter a Test Conditions | Min | Max | Min | Max | Units 


Ey Linearity Error, Integral _ | Reference Taps Open Psor | 02] | soa % 
Ey Linearity Error, Integral | Reference Taps Adjusted |] +005) | +01[ =| +01] % 
Ep Linearity Error, Differential _ Reference Taps Open | 4005) | +01 | £01] % 
. 225 225 


‘Egg __Offset Error, Bottom ES EO BO 
ttR- Transient Response Full-Scale Input Step, 30 30 ns 
— Settling to +32 LSBs eS 
BW Full-Power Bandwidth a ee 
SNR Signal-to-Noise Ratio ‘Note 1 ; 
Fin = 1.0MHz 58 58 dB 
Fiyezomne | so | 8] | s6 | ‘| a 
fiy=somm | oo | | | 2] |e 
Fy=somm | | a] | | |e 
fy=toowr | 2 | @| | | |e 
SINAD — Signal-to-Noise And Distortion | Note 1 A here oe 
se [| 2 | 2| |e 
fiy=sovme | = | @| | 8] |e 
ry=somm | @ | a] | | (|e 
fiy=toowe | ® | | | | |e 
THD __. Total Harmonic Distortion Note 1 : , _ 
Fiy=20Mme |e | | | 3 |_| oe 
Fiy=sowm | oe | 2 | | |_| os 
Fiy=aoMme [0 | -@ | |_| __| ee 
_SFDR Spurious-Free Dynamic Range | Note 1 . - 
es Fin = 1.0MHz 70 3 53 dB 
Fin = 2.0MHz dB 


FIN =5.0MHz ~ 
Finy = 8.0MHz 
Fin = 10.0MHz 


DP Differential Phase Fo=4x NTSC Subcarrier, 0.3 
. . Reference Taps Adjusted 
DG Differential Gain Fo=4x NTSC Subcarrier, 
Reference Taps Adjusted 


Note: 1. Fo=20Msps, Reference Taps Adjusted, Vec=Vep=Nom, Ty =25°C. 
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Typical Performance Curves 


A. Typical SNR vs. Input Frequency B. Typical Supply Current vs. Temperature 
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Calibration 


Calibration of the TDC1020 consists of adjusting the 
reference taps so that the converters integral linearity, 
gain and offset errors are minimized. To minimize the 
offset errors the sense leads must be used properly. The 
sense leads are not designed to carry very much current 
(<<1mA) and should therefore be used in a feedback 
loop to a high-impedance input such as that shown in 
the Typical Interface Circuit. When a circuit similar to 
that in the Typical Interface Circuit is used for 
generating the reference voltages, calibration can be 
achieved with the following procedure: 


1. Apply an input to the input amplifier which is 

~ 1/2 LSB less than full-scale (A/D input=1.998V) and 
adjust the gain so that the output of the A/D is 
toggling between full-scale and one LSB below full- 
scale (1111111111 and 1111111110 for binary 
conversions). 


2. Apply an input to the input amplifier which ts 
1/2 LSB greater than zero-scale (A/D input= 
—1.998V) and adjust Vpp via the Vpap pot so that 
the output of the A/D is toggling between 0 and 1 
(0000000000 and 0000000001 for onaly 
conversions). 


The A/D converter will now be calibrated to provide 
accurate conversions throughout its input range. To 
optimize the integral linearity of the device set up the 
“Subtractive Ramp Test’ described on page 6 of the 
TRW Applications Note TP-30, “Understanding Flash 
A/D Converter Terminology,” then adjust the mid- Point 
taps to minimize the bow in the error curve. 


Typical Interface 


A Typical Interface Circuit is shown of the Tpc1020 ihe 
analog input amplifier, a THC4231, is used to directly 
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drive the A/D converter. This amplifier is set up to have 
a gain of four and will provide the recommended +2 to 
—2V input signal to the TDC1020 when it has a 1Vp-p 
input signal. All four analog input pins are connected in 
parallel to decrease the parasitic inductance. An LM313 
is used to provide a stable reference voltage which Is 
buffered by a dual op-amp, generating Vay and Vpp. 
Both op-amps have their outputs buffered by an emitter 
follower to decrease the output impedance seen by the 
reference resistor chain. To minimize noise coupling into 
the reference resistor chain, bypass capacitors have been 
added, bypassing the reference taps to ground. 


Since capacitive coupling from the digital signals to the | 
analog input will adversely affect the converter perform- 
ance, careful attention to board layout is recommended. 


As is true with most bipolar integrated circuits, the 
substrate of the TDC1020 (Ver) must be the most 
negative potential applied. This rule applies for all 


- conditions of temperature, signal level and power supply 
~ sequencing. In many systems,.the voltage reference 


generators and input driving amplifier are powered from 


- voltages greater than the +5 and —5.2V of the 


TDC1020. Whenever this situation occurs, it is always 
possible for the VeF inputs of the TDC1020 to be 
positive with respect to the Vjj or VRB inputs when — 
so supplies are cycled ON and OFF. 


To protect the TDC1020 from latch-up due to substrate 
_ bias, TRW recommends the use of a 1N5818 Schottky 
~ diode connected between Ver and Vij and another 


between Ver and Vag with the anode of each diode 


~ connected to Veg. The diodes prevent Vin) and Vet from 


going more than 0.4V more negative than Ver. This 
protection circuit is shown in Figure 5. 
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Figure 5. Typical Interface Circuit 
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Evaluation Board 


The TDC1020E1C is a Eurocard-style printed circuit board 


designed to optimize the performance of, and to aid in. 
the evaluation of the TDC1020 A/D converter. The board 
dimensions are 100mm x 160mm with a standard 64 pin 
double-row DIN male connector installed. A comple- 
mentary 64 pin double-row DIN female connector is 
included with the board. The circuitry on the board 
includes reference voltage generators, wideband video 
input amplifier, and a TDC1012 12-bit D/A converter 
which may be used in evaluating certain parameters 

of the 1DC1020. 


The board employs only two conducting sides. Most of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA | 
connectors are installed on the board to facilitate analog 
I/O and clocks. The board is calibrated and tested at the 
factory and is supplied complete with TDC1020 and 
TDC1012 installed. 


Power and Ground 


Four power supply voltages are required for the 
operation of the TDC1020E1C: Vec=+5V, VeF= —5.2V, 
V+=+4+15V and V— =—15V. All power inputs are — 
decoupled to a single solid ground plane. All GND pins 
of the board are connected to the ground plane and it Is 
recommended that all GND pins be used. | 


Voltage Reference Generator 


The TDC1020E1C has two voltage reference generator 
circuits for driving the RT and RB terminals of the 
TDC1020. A variable +2.0V is applied to RT from U3A 
and Q2. A variable —2.0V is supplied to RB from U3B 
and Q1. The GAIN potentiometer, R11, provides +10% 
adjustment range to both RT and RB voltages. 


Video Input Amplifier 


The input amplifier of the TDC1020E1C, U4, is a 
THC4231 current-feedback amplifier and has been 
designed to accept a +0.5V input range and translate 
that signal to the +2 to —2V range of the 1DC1020. 
The output of this amplifier can be monitored at the P6 
SMA connector which is connected to the Vij) terminals 
of the TDC1020 through a 4700 resistor. The OFFSET 
potentiometer, R10, gives a +0.5V offset adjustment 
range to the board. 
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A/D Converter Inputs 


~The clock to the TDC1020, CONV, is normally brought 
onto the board through the SMA connector labeled 


“CONV P5." By installing jumper J12, this signal is 
routed through the edge connector pin B3. A terminating 
resistor, R25 may be installed on the board for termi- 
nating a CONV signal cable. The NMINV and. NLINV 
inputs to the TDC1020 are pulled HIGH with resistors 
and may be pete LOW by installing jumpers J15 and 
J17. 


The analog ani input to the TDC1020E1C is brought 
onto the board by way of the SMA connector labeled 

“P3" through J9 and J10. A terminating resistor, R7, is 
included on the board for terminating a 50 analog 
input signal cable. Jumpers J10 and J11 permit the 
analog input signal to enter the board trom edge- 
connector pin B28. 


A/D Converter Data oun and DIA Converter 


Data Inputs 


The ten data outputs of the TDC1020 are brought to 
edge-connector pins Bb through B14. These pins are 


located directly across the edge-connector from the 


corresponding data inputs of the TDC1012 D/A converter 
to simplify connection of A/D outputs to D/A inputs. 


DIA Converter Inputs 
The clock to the TDC1012 Is normally brought onto the 


board through an SMA connector labeled “P9". This 
~ signal may also be brought onto the board from edge- 


connector pin B29 by installing jumper J21. A location 
for a terminating resistor, R57 is paced for clock cable 
termination. | 


D/A converter outputs are brought to SMA connectors 

labeled ““OUT+ P7" and “OQUT— P8." Load resistors of 
51.1Q are provided on the board to facilitate 500 cable 
connection to the board. 


Potentiometer R58 is used to adjust the reference 
voltage to the TDC1012. This voltage is adjusted to. - 
—1.0V as part of the factory test and calibration 
procedure. 


Removing jumper, J20, will put the TDC1012 into 
feedthru (unclocked) mode. This eliminates the require- 
ment for a D/A clock signal, but will degrade the fidelity 
of the TDC1012 reconstruction. 
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THC4940 Track/Hold Option 


The TDC1020E1C has been designed to accomodate the 
THC4940 Track/Hold amplifier in the analog signal path 
prior to the THC4231 wideband input amplifier. To install 
the THC4940 on the board jumper connections outlined 
on the Jumper Options Table should be followed. The 
TDC1020E1C can be configured to accept the analog 
input from either the edge-connector or the P3 SMA. 


The Track/Hold timing signal is configured for TTL 
compatibility with the use of J2 and J8 which bias pin 2 
of the THC4940 to TTL threshold. J5 applies the 
Hold/Track timing signal to pin 1 of the THC4940. The 
Hold/Track timing signal can be routed from SMA P2 or 
the edge-connector. 


TDC1020E1C Eurocard Edge Connector Pinout 


GND A32 B32. V— (-—15V) 
GND A31 B31 V+ (+15V) 
GND A30 B30 OVF 
GND A29 B29. D/A CLK INPUT — 
GND A28 B28 ANALOG INPUT 
GND A277 B27 NC 
GND A26 B26 NC 
GND A25 B25 NC 
GND A24 B24 D/A CLK 
GND A23 B23 NC 
GND A22 B22 NC 
GND A21 B21 NC 
GND A20 B20 NC 
GND A19 B19 NC 
GND A18 _ BI8 Veg (+5V) 
GND At? B17 NC 
GND A16 B16 NC 
GND A15 B15 NC 
DAD; MSB_ A14 B14 A/D D, MSB 
DIAD, Ai3 B13 A/D Do 
DADs Al2 B12 A/D D3 
| DIAD, Atl B11 A/D Dy 
DADs At10 B10 A/D Ds 
DAD, AS BS = A/D Dg 
DIAD, A8 B&8 A/D Dy 
DIADg Al B7 = A/D Dg 
DIA Dg A6 B6 A/D Dg 
DIA Dig AS B5 A/D Dyp LSB 
DIA D4, A4 B4 OE 
DIA Dy LSB A3 B3 A/D CONV 
GND A2 B2 =‘ T/H DIGITAL INPUT 
GND Al B1 = Veg (-5.2V) 
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Mating Connectors for TDC1020E1C 


AMP — 932507-2 Wire-wrap 
AMP 532507-1 Solder tail 
Robinson-Nugent © RNE-64BS-W-IG30 Wire-wrap 
Robinson-Nugent RNE-64BS-S-1G30 Solder tail 
Souriau 8609-264-6115-7550E1 Wire-wrap 
Souriau 8609-264-6114-7550E1 Solder tail 
Souriau 8609-264-6813-7550E1 Solder tail, 
right-angle 

bend 
43 
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Jumper Options Table 


Function | | _SMA-Connector | Edge-Connector Termination 


Analog Input Signal . for P3, use J9, J10 : for B28, use J10, Ju. RT 
AID Converter CONV = P5, use J13 for B3, use J12, J13 - R25 | 


- D/A Converter CLK for B29, use J21_ ca ~  -R57 - 
for B3, use J12, J13, J14 «. RZ 
T/H Analog Input for P3, remove J9, J10, J11 for B28, | for B28, use J9, JIN | for B28, use J9, JIN Jii R7 


T/H Timing Input m0 ia use J4 for B2, use J3 J6, R1 


TDC1020E1C Silkscreen oar 
1001020610 # aw | 


Oca 
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TDC1020E1C Component Side Layout 
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TDC1020E1C A/D Converter Schematic Diagram 


ANALOG /; 
INPUT P1 B28 


U2 
THC4231 


C25 


ANALOG 
INPUT O 
P3 
R15 
750 
V 


sv (P1_B2) 


TH 
INPUT 
Pt “i 


4 221K 
1H un 
input © 
b2 
P2 sa raed as 1N4148 Lig ~15V 
pt 
Rt R2 R3 
511150 976 bade 
y, y, 
-15V 


+5V 


cow OB) 
pack (Pt 62)— 


Agno (Pi) Al, A2, A15, A16, A17, A18, A19, A20, A21, A22, A23, 
\7 A24, A25, A26, A27, A28, A29, A30, A31, A32 
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NOTE (1) SEE ASSEMBLY SPECIFICATION DASH NO. FOR ACTUAL CKT CONFIGURATION 


UNUSED REFERENCE DESIGNATORS. —U- 

C- 
D-3 
R-5, 6, 37, 41 


CED: 
i SW 


NOTE CONNECT DIRECTLY 
TO B18-70 


ees 
(B11 Pt) Dy 


= ee 
B30 P1) OVF 
C19 D2 
: C (nF) 
Gt 
Ra3 (ato_P1) Ds 
1/4 SCALE 
AB P1)D, 
V dig 5G (A7_ PI) Dg 
TBD (A5_P1) Dg 
TBD 
(43_ Pt) Dy2ise 
R40 
20 K 
TP-2 
VRBS AS3 
> (A28 TBD 
TBD il J19 
R27 nee te 
34 a ° 
R30 V 2K 
R56 
39 2 K 3/4 SCALE rs 
Ci 
O16 Dy D2 Dy Dy Dg Dg D7 Dg Dg Dig O44 42 20 


CONV 


Veen = YeeA cOMP REF- REF+ OUT- AcND 


2 18 1 419 20 7 5 6 
Pes ae cs |” cw 


001 TBD TBD 
CAs 
cat 0.1 R65 R55 
1.0 TBD TBD 
R62 
1.62K 
V ey) OUT + 
P? 
V 
O pi 
U7 R63 


LT1004CH-1.2 2K 
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Product Temperature Range 


Screening Package Package 
Number Marking 
TDC1020J1C STD—Tyj =0°C to 70°C Commercial 64 Pin Hermetic Ceramic DIP 1020J1C 
TDC1020J1V EXT—Te= —55°C to 125°C Military 64 Pin Hermetic Ceramic DIP 1020J1V 
TDC1020G0C STD-Tj=0°C to 70°C Commercial 68 Pin PGA 1020G0C 
TDC1020G0V EXT—Tc= —55°C to 125°C Military «68 Pin PGA 1020G0V 
TOCIO20EIC STD— -Ta= 0°C to 70°C a Eurocard Format Baar With A/D Converter TDC1020E1C 


All sasineiet in athe specification are aiatanteee by tissiga: characterization, sample testing or 1 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 


component can reasonably be expected to result in personal injury. The user of TRW’LSI Products Inc. ne in life support applications assumes au risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 


Pin Assignments = 
68 Pin Grid Array - - GO shia 08 


NC 
NMINV 
NC 
NC 
Rts 
Rr 
Voc 
Rors 
NC 
AGND 
Rut 
Rue 
VIN 
Rus 
Vin 
Rua 
VIN 
Rus 
VIN 
Rue 
Ru7 
RP EY HEF SEY SE Acnp 
NN : | ne NC 
Lee ON) BS 
] erry Voc 
‘Se! ‘s-! | Rp 
oe | NC - 
pee. NC 
ele aes CONV 
‘ae Se of 
a aN Dy (LSB) 
Saf ‘oo! 
are) n8 
Ke fae ae Dg 21385A 
(See bottom ieee >! vas! 
of package) vee ye 


= ae ae es 
Fs, an 


nme 


i Find 
ae Ne 


mo =e ~- fm ~ 


64 Pin Hermetic Ceramic DIP — J1 Package 
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TDC1021 
Use [DC1044 tor New Designs 


Monolithic A/D Converter 
4—Bit, 25MSPS 


The TRW TDC1021 is a 25 MegaSample Per Second (MSPS) Features 

full-parallel (flash) analog-to—digital converter, capable of Goi: (a peesniaae 

converting signals with tull-power trequency components up to Oy AC ag ve ey 

10MHz into 4—bit digital words. A sample—and-hold circuit is © +1/4 LSB Linearity 

not required. All digital inputs and outputs are TTL compatible. © Sample-And-Hold Circuit Not Required 
e TTL Compatible 


@ 25MSPS Conversion Rate 


The TDC1021 consists of 15 clocked latching comparators, 
combining logic, and an output buffer register. A single convert 


signal controls the conversion operation. The unit can be © Selectable Output Format 

connected to give either true or inverted outputs, in binary or © © Available In 16 Lead DIP 

offset two's complement coding. e Standard/Extended Temperature Range 
Note: TRW recommends the use of the TDC1044 for new Applications 

designs. 


e Video Special Effects 

e Radar Data Conversion 

@ High-Speed Multiplexed Data Acquisition 
e Medical Imaging 

© Image Processing 


Functional Block Diagram 


FFERENTIAL 
COMPARATORS (15) 
Re 
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A/D Converters et 
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TDC1025 


Monolithic A/D Converter Features 
8-Bit, 50Msps e 8-Bit Resolution 


. e 50Msps Conversion Rate 
The TRW TDC1025 is a 50Msps (MegaSample Per 


me e Sample-And-Hold Circuit Not Required 
second) full-parallel (flash) analog-to-digital converter, 
een nf ae an Rice iene full POWEr e Differential Or Sinale-Fnded FC| Camnatihle Qu 
VUPUNIYL VUUlIVUET tl uit Utiat1uyu oigriaae vviluib tus UVVGI oad t 
frequency components up to 12MHz into 8-bit digital e Single —5.2V Power Supply 
words. A sample-and-hold circuit is not necessary. All e Available In 68 Contact Or Leaded Chip Carrier 
digital inputs and outputs are ECL compatible. 

Applications 


The TDC1025 consists of 255 latching comparators, . 
combining logic, and an output register. A differential ECL ° Medical Electronics 
convert signal controls the conversion operation. The Fluid Flow Analysis 


digital outputs will interface with differential or single- e Seismic Analysis 
ended ECL. The device requires a single —5.2V power a Dadarcanar 
supply. 


e Transient Analysis 
e High-Speed Image Processing 


Functional Block Diagram 


CONV 
CONV 


Vin 


ae Dy-8 
a Dy_3 
as 
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Functional Block Diagram 


CONV 
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be 
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ana 


Pin Assignments 


NC 61 NC 
Ry 62 NC 
Rts 63 Rg 
Denn 6 Res 
NC 65 Deno 
(MSB) Dy 66 NC 
(MSB) Dy 67 Dg (LSB) 
D> 68 Og (LSB) 
D) 1 D7 
D3; 2 D7 
D3 3 05 
Dy 4 Dg 
Dy 5 Ds 
NC 6 05 
Veep 7 VEED 
Denn 8 DenD 
NC 9 NC 


68 Contact Or Leaded Chip Carrier - C1, L1 Package 
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Functional Description 


General Information 


The TDC1025 has three functional sections: a comparator array, 
encoding logic, and output latches. The comparator array 
compares the input signal with 255 reference voltages to 
produce an N-of-—255 code (sometimes referred to as a 


Power 


The TDC1025 operates from a single -5.2V power supply. The 
separate analog and digital power pins, Vefa and Veep, both 
require -5.2V, and may be connected to the same power 
supply. However, separate decoupling of the analog and digital 
power pins is recommended (refer to Figure 5 for a typical 
decoupling circuit). The return for Ipfp, the current drawn from 


Reference 


The TDC1025 converts analog signals in the range 

VRB S Vin S VpT into digital form. VaR (the voltage applied 
to the pin at the bottom of the reference resistor chain) and 
VpT (the voltage appiied to the pin at the top of the reference 
resistor chain) should be between +0.1V and -2.1V. Vat 
should be more positive than VaR within that range. The 
voltage applied across the reference resistor chain (VaT-Vpp) 
must be between 1.8V and 2.2V. The nominal voltages are 
VaT = 0.0V, Van = -2.0V. 


Two sense points, Rts and Ras, may be used to minimize the 
offset errors and temperature sensitivity. With sensing, resistors 
R71 and Ro {as shown in the Functional Block Diagram) are 
contained within the feedback loop, and no longer contribute 
to the offset error. The remaining offset errors, Egys and 
Egps, can be eliminated by the calibration method discussed 
under Calibration. The temperature sensitivity of this remaining 
offset error is specified by tegs, Temperature Coefficient, 
sensed. The sense resistors, Ra and Rq (as shown in the 
Functional Block Diagram) are approximately 1 kOhm. These 
resistors are not designed to carry the total reference current, 
and should not be used as reference inputs. If the sensed 
points are not used, these pins should be left open. The circuit 
in Figure 5 shows a typical sensing configuration. 
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“thermometer” code, as all the comparators below the signal 
will be on, and all those above the signal will be off). The 
encoding logic converts the N-of-255 code into binary format. 
The output latch holds the output constant between updates. 


A 


the VeFp supply, is Dgyp. The return for Ife, the current 
drawn from the Vee, supply, is Agnp. The analog and digital 
ground planes should be separated to minimize ground noise 
and prevent ground loops, and connected back at the power 
supply. All power and ground pins must be connected. 


C1, L1 Package 


Pins 7, 29 
_ Pins 13, 14, 16, 18, 20, 22, 23 


Pins 8, 28, 39, 64 
Pins 46, 50, 55, 58 


A midpoint tap, Ry, allows the converter to be adjusted for 
optimum linearity, although adjustment is not necessary to 
meet the linearity specification. It can also be used to achieve 
a non-linear transfer function. The circuit shown in Figure / 
will provide approximately 1/2 LSB adjustment of the linearity 
midpoint. The characteristic impedance at this node is 
approximately 75 Ohms, and should be driven from a 
low-impedance source. Note that any load applied to this 
node will affect linearity. Noise introduced at this point, as 
well as the reference inputs and sense points may degrade the 
quantization process, resulting in encoding errors. 


Due to the variation in the reference currents 

with clock and input signals, RT and Rp should be 
low-impedance-to-ground points. For circuits in which the . 
reference is not varied, a bypass capacitor to ground Is 
recommended. If the reference inputs are exercised 
dynamically, (as in an Automatic Gain Control circuit), a 
low-impedance reference source is required. The reference 
voltages may be varied dynamically at rates up to 10MHz. 
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Reference (Cont.) 


C1, L1 Package 


Ry Reference Resistor (Top) Pin 62 — 
Rts Reference Resistor Sense (Top) . Pin 63 
Ru Reference Resistor (Middle) Pin 49 
Rp Reference Resistor (Bottom) Pin 41 


Convert 


The TDC1025 requires a differential ECL Convert (CONV) signal. 
Both ‘convert inputs must be connected, with CONV being the 
complement of CONV. A sample is taken {the comparators are 
latched) within 10ns after the rising edge on the CONV pin. 
This time is tstg, Sampling Time Offset. This delay may vary 
from part to part and as a function of temperature, but the 
short-term uncertainty (jitter) in sampling time offset is less 
than 50 picoseconds. The 255 to 8 encoding is performed on 
the falling edge of the CONV signal. The coded output is 
transferred to the output latches on the next rising edge. Data 


Reference Resistor Sense (Bottom) 


is held valid at the output register for at least ty, Output 
Hold Time, after the rising edge of CONV. New data becomes 
valid after a Digital Output Delay, tp. This permits the previous 
conversion result to be acquired by external circuitry on that 
rising edge, i.e. data for sample N is acquired by the external 
circuitry while the TDC1025 is taking input sample N + 2. 
Note that there are minimum pulse width (tpyy and tpyyy) 
requirements on the waveshape of the CONV signal. (Refer to 
Figure 1) 


C1, Li Package 


Convert . | ECL ee i 
Convert Complement ECL 


Analog Input 


The TDC1025 comparator array causes the input impedance to 
vary slightly with the signal level, as comparator input 
transistors are cut-off or become active. For optimal 
performance, the source impedance driving the device must be 
less than 25 Ohms. The input signal will not damage the 
TDC1025 if it remains within the range of +0.5V to Vera. If 
the input signal is between the Vay and Vpp references, the 
Output will be a binary number between 0 and 255, 
proportional to the magnitude of the analog input. A signal 
outside this range will indicate either full-scale positive or 
full-scale negative, depending on whether the signal is 
off-scale in the positive or negative direction. All eight analog 
input pins should be connected through resistors near the chip 
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Analog Signal Input ov to -2V_ 


to provide a balanced analog input to all portions of the 
comparator array. The optimized values are shown in. Figure 6. 


The analog input bandwidth, specified for a full-power input, 
is limited by the slew rate capabilities of the internal 
comparators. Decreasing the analog input amplitude will reduce 
the slew rate, and thus increase the effective bandwidth. Note 
that other system performance characteristics are specified for 
the recommended. 2V p—p amplitude, and may degrade with 
the decreased analog input signal. A sample-and—hold circuit 
at the analog input will also extend PeNOnNane? beyond the 
specified bandwidth. 


C1, L1 Package . 
‘Pins 44, 47, 48, 51, 52, 56, 57, 60 
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Outputs 


The outputs of the TDC1025 are both differential and 
single-ended ECL compatible. The outputs should be 
terminated with a 1.5 kOhm impedance into a -5.2V source to 


MSB Output 


LSB Output 


No Connects 


There are several pins labeled No Connect (NC), which have no 
connections to the chip. These pins should be left open. 


Name | Fnetin | Vae 
a 


Thermal Design 


The case temperature must be limited to a maximum of 80°C 
for the standard temperature range and 125°C for the 
extended temperature range. For ambient temperatures above 
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MSB Output, Complement 


LSB Output, Complement 


meet the specified logic levels. Using the outputs in a 


differential mode will provide increased noise immunit 


C1, L1 Package 
Pins 6, 9, 10, 11, 12, 15, 17, 19, 21, 24, 25, 26, 27, 38, 42, 43, 45, 59, 61, 65 


Vy. 


C1, L1 Package 


Pin 66 
Pin 67 
Pin 68 
Pin 
Pin 
Pin 
Pin 
Pin 
Pin 30 
Pin 31 
Pin 32 
Pin 33 


ao Ff G&G KR — 


Pin 34 


Pin 35 


45°C, 500 L.F.P.M. moving air is required for specified 
performance. In addition to moving air, heat sinking is an 


efficient method to optimize thermal management. 
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Figure 1. Timing Diagram 


CONV 
CONV 7 3 
| SAMPLE | SAMPLE 
SAMPLE | N+1 N+2 


ANALOG INPUT 


4a — 
a Ey tsTo | : 
eR 000 HD C0 D000 EY 


a a 


Simplified Analog Input Equivalent Circuit 


Figure 2. 
| 1 OF 255 


1—OF—255 


VIN 
COMPARATORS 


VRB 


IBIAS 
. VEEA 
REFERENCE | ‘7 | 
Vera Arh Cyy IS A NONLINEAR JUNCTION CAPACITANCE 
. VEEA Vpp IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Re 


Figure 4. Output Circuits 


Figure 3. 
GND ) GND 
CONV 
DATA OUTPUT 
DATA 
yr OUTPUT 
aie COMPLEMENT 
OUTPUT EQUIVALENT CIRCUIT 
TO = L 
OUTPUT 40pF = 
PIN 
: 1.5K 
EE LOAD 1 
TEST LOAD FOR DELAY 
MEASUREMENTS Veep  (-5.2V) 
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Figure 5. CONVert, CONVert Switching Levels 


0.0V 
Vicm MIN 
— or Oe eer eee eas .sCr-V 
CONV 
Vicm MAX —— —- —— ——- — — zs “= CONV 
Absolute maximum ratings (beyond which the device will be damaged] | 
Supply Voltages 
Wiper: Ue easter caz ce. cctvatc excep nune castes Sexedcealsadbateetvepnelnssnoctse cease teva sahdnet aged ce aalannanvncdhuadas a cng tp tovateenataaanneaaTenLURTaNN a +0.5 to -7.0V 
Wipe AMMO ASUIREC OI pay ests sce stacoc saan asandhnvin gst aaecece et ced uahapdec asec teen aaa cpa ga bd ALTE chads connecanaacgias acu cerdehnleiacebodslae +0.5 to -7.0V 
Pceagpy AMMBaSUINE 10: Dpsiupy) scsscstectaessesviaetsgipsccnasiseadeecendacheai thd tush dlacuasancan nnn ast ataeasnedesinStatooclacoel amnsviomtagseta lade ansonepeeatanseeale +0.5 to -0.5V 
Vice ae MITMBGSUTOC tO: Me py) ie can ccahasnatesaanictccey cittgaia deer vnecgtoeuvs nbc ansb teva ctatoincstae ddan vai fbn nbn Tans al baer etre +0.5 to -0.5V 
Input Voltages 
CONV, CONV: trrveeasuinese to: Tsay) sscsesasauccesd asad etecicl dace atactn ga en sucesnatetsaa aati ate beeyllzccdSeudrccrlante cut egsutvandedusreceetonteseaaresgioaneatan +0.5 to VegpV 
Vinge Verge Vine Umneasunrerd tA pani py) cceciscecsasesate aunts essen cataeetlataaadhcotanceaye cet enasesteeheneedgprephiete han enbasantattels la eniguenanreaaeentanedl +0.5 to VegaV 
V pas UBSUIT eH: 10, W Gatyd ces ceeccesaceectanys reece decgPtasacectcaaeettasdaaiuunateedasce buna ecaages@i hv oaben eave Cadlneh bluestone annpoaseierane ebbinacntaaoripten ete 0 to +2.5V 
Output 
Short—circuit duration (single output in high state to Ground) ou... cscsssescssssesccssssccssseecsssecsssssecssnsscssssecesecessnssecesseesssstessesssecesaseessseessaecceneeesensees Indefinite 
Temperature 
PVE FARII Es eATOMDVN AE Seva sscs oraz Sone cccastueuac as a cause age custeaiavadswasseas umeab es fed cbuttcit serdar ease ohed aad atavee tecead Cua lane ance accents -—55 to +126°C 
RIP TIOID esgetesecienen cana awed tcc caves seb tensa bie dv ed ces eenea aap en ase ei endear Neeson tence eat esa eee ccae +175°C 
LGA SOFIA USE COUNAS) sree 2 aa sstsc5atatusIusechescxetlctertecaasareus a seatunts escape teaches Dee degedsaaaapty etaaSoneta ted ccaaeaa anges tine mn taal aa arahtee +300°C 
RSTO ACG 25 cc taaccutas Sos sect anki usdane ened nesebs dee cash acittesasi clasts awoke vat deatcgbN Uae vroseecsneDeacee speeder eneosycbeDocesbscear ae cei eignra anal Raceace at -65 to +150°C 
Note: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


TRW LSI Products Inc. 57 


A 


TDC1025 TWACTA 
UU aituy 
Operating conditions 
| _ Temperature Range 
Standard _ Extended 
Veen ___aog Sup Voge 2 
Veea-Veeo Suny Vote Orr aor fos 
V Analog Ground Voltage (measured to Denn) +0.1 | +0.1 V 
acno Analog GND Ce ee 
~ Ving CONV Input Voltage, Differential ee ee 7 1.2 | V 
Vat ___Most Positive Reference Input | -o1 {| oo | -or | -o1 | oo | or] v 
Ty ___Ambiont Temperature” a a ee ee ee ee 
Notes: 
1. Vpy Must be more positive than Vag, and voltage reference differential must be within specified range. 
2. 500 L.F.P.M. moving air required above 45°C ambient. 
Electrical characteristics within specified operating conditions 
Temperature Range ea 
Standard Extended 
IEF Supply Current Veen, Verp = MAX 
Ty = O°C to 70°C -725 mA 
es a 
ig = BO w BH ee 
IneF Reference Current Vet Vrp = NOM | Po | wo | oo | mA 
Ree Total Reference Resistance — ee Ohms 
Rin Input Equivalent Resistance Vet: VRB - NOM, Vin = VB Pe ae ae , = us 
Icp Input Constant Bias Current Veen, Veep = MAX, Viy = 0.0V ee ae ee ea) 1200 uA 
| Digital Input Current Veen. Veep - MAX, Vy = -O.7V ee 
Vo_ _-—« Output Voltage, Logic LOW Vega, Vegp = NOM, Ip, = Test Load’ Se a ae | 
VoH Output Voltage, Logic HIGH Veen Veep = NOM, Ipy = Test load’ | -09 | |, -1 [| 
C Digital Input Capacitance Ty = 25°C, F = IMHz a a pF 
Note: 
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1. Test Load = 1.5 kOhms to -5.2V, C = 4OpF. 
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Switching characteristics within specified operating conditions 


Temperature Range 


Parameter Test Conditions | Min | Max | | Min | Max | Units 
Fe Maximum Conversion Rate Veea, Veep - MIN Joo | | wo | | mses 
tstg Sampling Time Offset Vega: Veep = MIN a a 

ty __Digital Output Delay Veea Veep ~ MIN, Load’ a 

ty Digital Output Hold Time Vea, Veep - MIN, Load! 

Note: 


1. Test load = 1.5 kOhms to -5.2V, C = 4O0pF. 


System performance characteristics within specified operating conditions 


E 
~ 


Temperature Range 


Extended 


Parameter Test Conditions 


Ei Linearity Integral, Independent Vat Vag = NOM 
Ein Linearity Differential 


0 Code Size Vey, Vag = NOM % Nominal 


Egy ‘Offset Error + Top Vin = Yet 
+10 mV 
mV 
mV 


Egts Offset Error © Top, Sensed 
Egg «Offset Error + Bottom Vin = Vrp 


+45 mV 
Eggs Offset Error | Bottom, Sensed +15 


Teps Offset Error © Temperature Coefficient, 
Sensed 


BW Bandwidth, Full Power Input 
trR Transient Response, Full Scale Input Change 


SNR Signal-to—Noise Ratio 20MHz Bandwidth, 
5OMSPS Conversion Rate 


Peak Signal/RMS Noise 
5.34MHz Input 


¥ 
— 


12.5 
12.0MHz Input 4] 
RMS Signal/RMS Noise 1.25MHz Input 


eed 
Ps 
| 0 
ee 
po 
12.5 
toa 
a 
ee a 
ae 
a 
ie 
12.0MHz Input 


EAP Aperture Error 


= 
” 


NO 


+10 

+10 
a 
oe 
aa 
0 
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Figure 6. Typical Interface Schematic 


B1-B3, 812-815, B17, B19-821 
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2N2222 
R40 
v, 0 
val R42 
1N5226B C27 10 
3.3V 100pF a ; 
R56 ROG 
10 
R68 
\/ 
R69 
10 
R60 
470 
0) 4 
\/ 
R61 
49.9 
~Y 
R31 
10 
A28 
An >——2 R30 
2K 
J2 10-TURN 
AIN (o) 
Wi, 
C1 C12 
VR2 100pF 
1N5226B 990y Lv 4 
25V 
3.3V 
V D4 
1 
se 1N400 
v- 2N2907 
“GAIN 
\/ 
R58 
vy, 220 
A21 
CONV 
J3 t R58 
D5 + C24 CONV 330 
14001 10 
25V 
A18,B18 
Vee2 
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Ogno 


Agno 
Vin D, (MSB) 


D, (MSB) 


Ul 
TOC1025 


VEEA Veep 


R47 9x330 


ASB 12 7 
330 
ee eee 8 
mct0101 10 dD 
A58 
O 330 | Vee? | OA OB "1 
ju) : 
13 yY § oO 9 nat 
13 13 12 14 411 45 10 16 {9 82 
s \i__! 7 
8 14 R43 
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R59 
82 


R45 
130 


ee 


a 
ie 5 eee 


ET ae 


i aa Pee eee 


a 


ret ae eee Bb. D3 
3 
EES: [es 


Bees eee 
Ptah meres 


ee eS: 
oe ee 


Tt 


TTT we 
i THD Ala D, 
ae TERRE ERS 
ie 16S ana Oe 


ee Dg (LSB) 
PET T Ty EE  B 
[oe ies en es Se Ss ee ee 8 


R54 9x 330 


A22 
CLK OUT 


A24 
Vee 
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Notes for Figure 6 
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co ao ~~ Om cm — ww PO — 


— + ae 
—_— Co 


. All resistor values are in Ohms. 

. All resistors are 1/8W unless otherwise noted. 

. All capacitor values are in microFarads unless otherwise noted. 

. All capacitors are SOWVDC unless otherwise noted. 

. All diodes are 1N4148 unless otherwise noted. 

. R58 is a quad 220/330 Ohm terminator SIP — 

. Z1 is a digital delay line, 2ns per tap, 20ns total Rhombus TZB12-5. 
. Ll 1s a ferrite bead inductor, Fair-rite part number 2743001112. 

. Agnp pins on the TDC1025L1 are: 46, 50, 55, 58. 

. Dgnp pins on the TDC1025L1 are: 8, 28, 39, 64. 

. Vega pins on the TDC1025L1 are: 13, 14, 16, 18, 20, 22, 3 

. Veep pins on the TDC1025L1 are: 7, 29. 

. Values for components C5, R15, R62, R65, R66 are decennial during the 


manufacturing process. 


. Component designators C32, R49, Abi, R63, R64, J1 are not used on the epee 


board. 


. Components R30, R31, R45, R47, R48, R54, R55, R59, R60, R61, J4, are user options 


and are not included with the board. 
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Typical Interface 


Figure 6 shows an example of a typical interface circuit for 
the TDC1025. The analog input amplifier is a discrete 
differentia! amplifier followed by an NPN transistor. The 
transistor satisfies the input drive requirement of the A/D 
converter. The analog input resistors, attached close to the Vjy 
pins, provide frequency stability and a balanced analog input to 
all portions of the comparator array. All eight Vjjy pins are 
connected together clase ta the device nackage, and the 
feedback loop should be closed at that point. Bipolar inputs 
may be used by adjusting the offset control. The amplifier has 
a gain of two, increasing a 1 Volt p—p input signal to the 
recommended 2 Volt p-p input for the A/D. 


The top reference, Ry, is grounded, with the sense point, RTs, 
loft open. The offset error introduced at the top of the 
reference chain is cancelled by the offset adjustment. The 
bottom reference voltage, Vpp is supplied by an amplifier, and 
a PNP transistor. The feedback loop through the sense, Ras, 
minimizes the offset error and related temperature variations at 


Figure 7. Power Decoupling and Input Network 


ANALOG 
INPUT 


TDC1025 


~§:2V 


L = FERRITE BEAD INDUCTOR 
Ry = 102, 1% CARBON COMPOSITION OR CERAMIC CHIP RESISTOR 
Ry = 109, 1% CARBON COMPOSITION OR CERAMIC CHIP RESISTOR 
C = 0.1,F CERAMIC DISC CAPACITOR 

V = ANALOG GROUND 

~L = DIGITAL GROUND 


Note: Pins are shown for L1, C1 packages 
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the bottom of the resistor chain. Additional gain adjustment 
can be made by varying the input voltage to the sensing 
op—amp. 


The differential clock is provided by an ECL gate, with 
termination close to the TDC1025 to minimize ringing or 
overshoot. The convert clock is delayed by approximately 


BR. 1fne ta latnh tho Anto gt tho nuitniet Tho data nutnitte ara 
uv pyity wu tev ci UuLu Ue Lt yvumpue. pe uuu YuUEpPuUlY UY 


Gu 


terminated with 1.5 kOhms to -5.2V. The standard Thevenin : 
equivalent (220 Ohms-330 Ohms to -5.2V) is used where 
additional termination Is required. 


The analog and digital ground planes are separated to minimize 
ground noise and prevent ground loops, and are connected 
back at the power supply. The independent ECL digital ground 
alds in maintaining the chip digital ground, especially in a 
system with high-speed ECL logic. Protective diodes between 
all three ground planes avoid damage due to excessive 
differences in ground potential. 


Figure 8. Typical Reference Midpoint Adjust Circuit 


Ry 


| TDC1025 
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TDC1025 


Output Coding 


7 Ti 


reas = 
Step “Twverta 
-2,0000V FS -2,0480V FS All ————— —— Dy-Dy 
000 smn O1941111 
001 —11ttt110 011991110 
e e 
e e 
t ® 
127 ~0.9961V -1.0160V o1ntat1 100000000 10119911 oo0000000 
128 -1,0039V ~1.0240V 1oo000000 oviatttit 000000000 14tttd4it 
123 -1.0118V -1.0320V — 100000001 011911110 00000001 190111110 
e e 
e e 
° . a . 
254 -1.9921V 191111110 011911110 100000001 
255 ~2,0000V Tr | 01494911 10000000 
Note: 


1. Voltages are code midpoints after calibration. 


2. Any output may be inverted by interchanging connections to the true (Djy) and complement (Dy) output pins. 


Calibration 


To calibrate the TDC1025, adjust Vay and Vpp to set the Ist 
and 255th thresholds to the desired voltages. Note that Ry is 
greater than R, ensuring calibration with a positive voltage on 
Ry. Assuming a OV to -2V desired range, continuously strobe 
the converter with -0.0039V (1/2 LSB from OV) on the analog 
input, and adjust VpT for output toggling between codes 00 
and 01. Then apply -1.996V (1/2 LSB from -2V) and adjust 
Vap for toggling between codes 254 and 255. 


The degree of required adjustment is indicated by the offset. 
errors, Egy and Egp. Offset errors are generated by the 
inherent parasitic resistance between the package pin and the 
actual resistor chain on the integrated circuit. These parasitic 
resistors are shown as Ry and Ro in the Functional Block 


64 


_ Diagram. Calibration will cancel all offset voltages, ehonetng 


offset and gain errors. 


The above method of calibration requires that both ends of the 


resistor chain, Ry and Rp, are driven by buffered operational 
amplifiers. Instead of adjusting Vay, RT can be connected to 


analog ground and the OV end of the range calibrated with a 
buffer offset control. The offset error at the bottom of the 


resistor chain results in a slight gain error, which can be 


compensated for by varying the voltage applied to Rp. The 


bottom reference is a convenient point for gain adjust that is 
‘not in the analog signal path. These techniques are employed 
_in Figure 9. 
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Ordering Information 


Product 


Package 
Number 


Marking 


STD-Te=0°C to 80°C 
EXT-Tp= —55°C to 125°C 


TDC1025C1C 
TDC1025C1A 


Commercial 68 Contact Chip Carrier 
High Reliability 68 Contact Chip Carrier 


1025C1C 
1025C1A 


TDC1025L1C STD—Te=0°C to 80°C Commercial 68 Contact Chip Carrier 1025L1C 
TDC1025L1A EXT—Tp = —55°C to 125°C High Reliability 68 Leaded Chip Carrier 1025L1A 


All parameters contained in this specification are guaranteed by Gesiyn, Lha@facleriZatiun, sdiipie testy Ul TO0%o iesuny dd appiUpiiais. TAVY Ieocives Ue ryt Gu 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TDC1029 


Monolithic A/D Converter 
6-Bit, 100Msps 


The TRW TDC1029 is a 100Msps (MegaSample Per 
Second) fully-parallel (flash) analog-to-digital converter, 
capable of converting an analog signal with full power 
frequency components up to 50MHz into 6-bit digital 
words. A sample-and-hold circuit is not required. All 
digital inputs and outputs are ECL compatible. 


The TDC1029 consists of 63 latching comparators, 
combining logic, and an output register. A differential 


convert (CONV) signal controls the conversion operation. 


The digital outputs are single-ended ECL with the 
exception of the MSB which Is differential enabling 
binary or offset two's complement output format. 


Features 


e 6-Bit Resolution 

e 100Msps Conversion Rate 
e 50MHz Input Bandwidth 
e Low Cost 


1/2 LSB Linearity 

Samole-And-Hold Circuit Not Reauired 

1V Input Range 

Binary Or Two's Complement Output Format 


1/4, 1/2 And 3/4 Scale Reference Resistor Taps 
On J6 Package 


Available In A 24 Pin CERDIP 


Applications 


e Transient Digitizers 

e Direct Digital Receivers 

e Radar Data Conversion 

e Data Acquisition 

e Telecommunications 

e Medical Imaging 

e High-Energy Physics Experimentation 


Functional Block Diagram 


CONV 
yin 
Ry 


63 TO 6 


ENCODER 
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Pin Assignments 


VeeD 24 VEEA 
Ra 2 23. Dg (LSB) 
Denn 3 22 Ds 
Vin 4 21 Dy 
Agno ° 20 Deno 
— CONV 6 19 Veen 
CONV 7 18 Veea 
Ano 8 '7 Den 
Vin 3 16 Ds 
Denp 10 15 Ds 
Rr ft 14 Dy (MSB) 
Veep 12 13. Dy (MSB) 


24 Pin CERDIP — B7 Package 


Functional Description 


General Information 


The TDC1029 has three functional sections: a comparator 
array, encoding logic, and output latches. The comparator 
array compares the input signal with 63 reference 
voltages to produce an N-of-63 code (sometimes referred 
to as a ‘thermometer’ code, as all the comparators 
biased more positive than the input signal will be on, 
and all the rest will be off.) The encoding logic converts 
the N-of-63 code into binary data, with the complement 
of the MSB available for offset two's complement output 
format. The output latch holds the output data constant 
between updates. 


Power 


The TDC1029 operates from separate analog and digital 
power supplies, VeFA and VerFp. Since the required 
voltage for both VEEA and VeFp is —5.2V, these should 
ultimately be connected to the same power source, but 
separate decoupling for each is recommended. A typical 
decoupling network is shown in the Typical Interface 
Circuit. The return path for IFep, the current drawn 
from the Veep supply is Denp. The return path for 
lcEA, the current drawn from the VEE supply, is AGND. 
All power and ground pins must be connected. 


Thermal Design 


The TDC1029 has thermal characteristics similar to other 
high-performance ECL devices and is rated for a 
maximum ambient temperature of 70°C. For ambient 
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temperatures above 40°C, 500 L.AP.M. moving air is 
required for specified performance. The maximum case 
temperature should be no greater than 110°C. 


Reference 


The TDC1029 reference voltage is applied between RT 
and Re. TDC1029 converts analog signals in the range 
Vap Vin 2VpT into digital form. The voltage applied 
across the reference resistor chain (VpT-Vpp} must be 
between 0.9V and 1.1V. Vpp (the voltage applied to the 
pin at the bottom of the reference resistor chain) and 
VeT (the voltage applied to the pin at the top of the 
reference resistor chain} should be between —0.2V and 
—1.4V. Vat should be more positive than Vpap within 
that range. The nominal voltages are: Vay = —O.3V, 
Vap=-—1.3V. These voltages may be varied dynamically 
up to 25MHz. Due to slight variations in the reference 
current with changes in clock and input signals, Ry and 
Rp should be low-impedance points. For circuits in which 
the reference is not varied, a bypass capacitor to AGND 
is recommended. If the reference inputs are varied 
dynamically (as in an AGC circuit), a low-impedance 
reference source is required. 


Convert 


The TDC1029 requires a differential ECL CONVert (CONV) 
signal. A sample is taken (the comparators are latched) 
tsTg after a rising edge on the CONV pin. The result 
from the encoding logic is transferred to the output 
latches on the next rising edge. The outputs hold the 
previous data a minimum time (tyo) after the rising edge 
of the CONVert signal. New data becomes valid after a 
maximum delay time tp. Both convert inputs must be 
connected, with CONV being the complement of CONV. 


Analog Input 


The TDC1029 uses latching comparators which cause the 
input impedance to vary slightly with the signal level. For 
optimal performance, the source impedance driving the 
device must be less than 25 Ohms. The input signal will 
not damage the [DC1029 if it remains within the range 
of +0.5V to Veca. If the input signal is between the 
VaT and Vpp references, the output will be a binary 
number between 0 and 63 inclusive. A signal outside 
this range will indicate either full-scale positive or full- 
scale negative, depending on whether the signal is off- 
scale in the positive or negative direction. Both analog 
input pins MUST be connected through 15 Ohm resistors 
as shown In the Typical Interface Circuit. 
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Outputs 

The outputs of the TDC1029 are ECL compatible. Outputs cross-wiring the MSB, i.e., interchanging Dy and Dy. The 
D7.5 are single-ended, while the MSB (Dj) Is differ- Outputs should be terminated with a 100 Ohm (or 

ential. Offset two's complement format is available by greater) impedance into a —2.0V source. 


Package Interconnections 


Signal Signal 
Type Name Function Value B7 Package Pins 


Power VEEA Analog Supply Voltage —5.2V 18, 19, 24 


VEED Digital Supply Voltage 1, 12 
[Deu | ital round 3,10, 17,20 
AGND Analog Ground 5, 8 
Reference Reference Resistor (Top) —0.30V 11 
PRR Reference Resistor (Bottom) — 1,30V 2 
Convert cONV 1 
CONV Convert Complement 6 
Analog Input Analog Signal Input 4,9 
Outputs a ae MSB Output Complement 13 
yt i 
E 
6 
(ne ae ECL 2 
5 2 


LSB Output ECL 23 


Figure 1. Timing Diagram 
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od ars tPpWH tPWL 
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CONV WW 
SAMPLE SAMPLE SAMPLE 
N N+1 N+2 
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A , 
VA 


— tsTo 
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tuo 
tp 
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Figure 2. Simplified Analog Input Equivalent Circuit 


Vin © 


BIAS bt | VEEA 


Cyy = Cy + Cp 13pF NOMINAL 


| Cy) 20pF MAXIMUM 
Verh | C, = NON-LINEAR JUNCTION CAPACITANCE 
: Cy = Viy LINEAR CAPACITANCE 
VEEA Vap IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Rp 
Figure 3. Convert Input Equivalent Circuit Figure 4. Output Circuits 
Denp DenD 
CONV be 
CONV DATA 


OUTPUT 


OUTPUT EQUIVALENT CIRCUIT DgND 


40pF 160 


VeED api 1002 TO —2V 
7 : EQUIVALENT 
PIN 
262 
LOAD 1 7 
TEST LOAD FOR DELAY VeED 
MEASUREMENTS (5.2) 
Figure 5. CONVert, CONVert Switching Levels 
VipF 
0.0V 
Se ee a a, ee a Vi MIN 
Ne 
atic Sica Geecieals< Geese cman aes eee ores | GY 
< 3 
aN 
‘\ ‘\ CONV 


\ = = 
exe 
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TDC1029 Trey 
| IAA | | 
Absolute maximum ratings (beyond which the device will be damaged) ! 
Supply Voltages 
Mee fy AIMU@EASUIR GCs CO.” Dapp satiate end ctvant sacar Rutan daca aan ce age aces sun asvea bests lasyslcaeaatb ae naea cabndeedeyspesrregasd 0.5 to -7.0V 
Vee A, ATMGRSSUIN C01 Appl sasascescazshactepenetdeasatienyehsceutensent vansaistunatsinsin asain oan bet Venntota ug uchabahvonaedaeoctinivet iste shauna bua steenbanateats 0.5 to -7.0V 
Presniey MONG ASUTEC TOD ea iy) sssssasesavessatevssnsavtnretashes isdn aan avcgaensnnaemee on gaign sete cshasauon byes iSaans os easeaateyuassavoeedstbnnelSeptogeaneudeytvarttobescvgesiee 1.0 to —1.0V 
Wega (MSU LOVE) arsseciseccseyscttarh cg BadentaneegthsanncatnSiaaua anus iaggibic ct auth danas Dsante ncaa anita betta teh 0.5 to —0.5V 
Input Voltages 
CONV, CONV “(tnetasuread: t(D ai np) saatissticetistcasivspecibccivtvactlats a ganentsnrsacs stan beasnbapoainde eae tocaadbn ide analsiadiceustecuayheibysboatiee ash sae +0.5 to VegpV 
Vin, Yat. Vp (measured to PGS IV Fp) secs Sssyti Cacenyeceltespceyaesbns eas vagueness lag apent polite savladed cesses esas eae +0.5 10 VegaV 
W pas LITV DRS UAR Ce Wea) zeta aad casket danenec esrb ve Feo baad vs celia anata sna tbpou taeda dada stesenacorincat +1.5 to -1.5V 
Output 
SHOE CIGUIL HUrAOt: {SiMe Ott PLE te GROIN) sdk enc cesar ccc Secs cick cceovenczg isan dasa cdadees Suck ctvendac ca yndetehac actaudescotasth ta eave toranielecneineeinieneticosahe Indefinite 
Temperature 
UPUREA ANA AITUCONINE nscale ceca eas avcesntltypndaein va anton Badan ced eatpv es dg asl ae turpudh aastasaeeda de honda Gan reasiei nant nad uate RN -60 to +115°C 
NOMFTLE CHD excatyccatscuss day cher vd aa ke can cas Ken segs fgets track cota calau che ages estas tec i eS Tacc tnt nates a hae tease ca eteceatealed + 175°C 
Lecidl, “SNE FING) 180)? SECIS) aga cherce.cehzs aiay aya sts dS etucesrceyuicanedsadb ies clan su Laazis echt xan edtucaGpaseeteatcpaceeesbaicoietbasaueacel Sapnuneacaita adbav au ante Re iateeaaca totic + 300°C 
StL aa gic detaches cage os ase coh ca eae oe ecb Sa gp stdP ODS ct na BUDS CEN esse eases ene sgerondetsden -65 to + 150°C 
Note: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


Operating conditions 


Parameter 


VEED 

VEEA 
Veea- Veep 
VAGND 


'PWL 
'PWH 


Vic 
VIDF 


Vet 
VRB 
VaT~ VRB 


Temperature Range 
Standard 


Anaeg Sup Vee a a 
Supply Voltage Differential | -O1 | 00 | OF | V 
Analog Ground Voltage (Measured to Den) | “Wf ao ft V 
CONV Pulse Width, LOW aS Se ae Ee: 
CONV Pulse Width, HIGH a ee ae ns 
CONV Input Voltage, Common Mode Range (Figure 6) | -05 | | -25 0 | OV 
CONV Input Voltage, Differential (Figure 6) 2s ae SS V 
Most Positive Reference Input | -0.2 iets 4 0 | V 
Most Negative Reference Input | | -12 | -18 | -14 V 
Voltage Reference Differential 08 ff TY V 
Ambient Temperature Fo ff | °C 


1. Vay must be more positive than Vpp, and voltage reference differential must be within specified range. 


2. 900 L.F.P.M. moving air required above 40°C. 
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AL 


tsTo 
tp 


Sampling Time Offset Veen Veep = MIN 
Output Delay . | Vega, VEED = MIN, Load 1 


ns 
ns 


TDC1029 aren 
| at | A IXVE 
Electrical characteristics within specified operating conditions 
Temperature Range 
a | Standard 
Parameter | Test Conditions | Min =} Max =| Units 
lrFAtleeD Supply Current — | Veen, Veep = MAX a ae 
a Tq = OC to WP ee ee 
ee 
per _. Reference Current = Vet. Vag = NOM | 10 | Tm 
Reece - Total Reference Resistance | S| we Ohm 
Rin _ Input Equivalent Resistance Ver. VRB = NOM, Vin = Vee. Veg = MAX ie ae ae kOhm 
Cin Input Equivalent Capacitance Vet. Vag = NOM, Vin = Vpp a pF 
cB Input Constant Bias Current Veea. Veep = MAX, Vin = ~0.3V P| BOD HA 
| Input Current Veen, Veep = MAX, Vv, = -0.5V ee ae uA 
VoL Output Voltage, Logic LOW Vega, Veep = NOM, Test Load 1 a 
VoH Output Voltage, Logic HIGH Veea: Veep = NOM, Test Load 1 | | 00 [| V 
C _ Digital Input Capacitance Ty = 25°C aaa ae pF 
Switching characteristics within specified operating conditions — 
Temperature Range 
| | A | Standard 
Parameter — Test Conditions : | Max Units 
Fs Maximum Conversion Rate Veen, Veep = MIN oo MSPS 
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tho 


Output Hold Time Veea, Veep = MIN, Load 1 
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Parameter 


tR 
SNR 


Eap 


Notes: 


Linearity Error Integral, Terminal Based 


Linearity Error Differential 


| Code Size 


Ottset Error = {op 
Offset Error 
Offset Error 


Bottorn 


Temperature Coefficient 


Bandwidth, Full Power Input ! 


System performance characteristics within specified operating conditions 


Transient Response, Full-Scale Input Change | 


Signal - To - Noise— Ratio ’ 
Peak Signal/RMS Noise 


RMS Signal/RMS Noise 


Aperture Error 


Test Conditions 


Ver, Vap = NOM 
VIN = YRT 
Vin = VRB 


ts 
ere oe a 


1OOMSPS Conversion Rate 


25MHz Input 
5O0MHz input 
25MHz Input 

50MHz Input 


|. Beat frequency sinusoidal reconstruction producing no errors greater then 3 LSBs, tpyyy = Gns. 


2. Single frequency sinusoidal input attenuated 3dB at 1/2 sampling frequency {anti~alias prefilter). 


Output Coding | 


Step 


Rage Lina 


-0.3000V 
~0.3159V 


~0.7921V 
~0.8079V 


—0.8238V 


~1.2B841V 
- 1.3000V 


- ~1,3000V FS ~1.3080V FS | 
| 15.8730mV STEP 16.0000mV STEP | 


-0.3000V 
-0.3160V 


e 

e 

e 
-0.7960V 
~0.8120V 
-0.8280V 


~1.2920V 
~ 1.3080V 


1. Voltages are code midpoints after calibration. 
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Temperature Range | 


% Nominal 


ownll 
sity 


Cu 


000000 | 10000 
000001 100001 

®@ 

e 

@ 
anit 11111 
10000 000000 
100001 000001 

e 

@ 

e 
111110 011110 
1111 ont 
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Calibration 


To calibrate the TDC1029, adjust VAT and Vpp to set Ist 1F non polar capacitor, then offset by —0.8V with a 


and 63rd thresholds to the desired voltages. Assuming a 


—0.3V to —1.3V desired range, continuously strobe the | 


converter with —0.3079V (1/2 LSB from —0.300V) on 
the analog input, and adjust VpT7 for output toggling 
between codes 00 and 01. Then apply —1.2921V (1/2 
LSB from —1.300V) and adjust Vpp for toggling | 
between codes 62 and 63. Instead of adjusting VprT, 
R7 can be connected to a fixed voltage and the most 
positive end of the range calibrated with an offset 
control. Rp is a convenient point for gain adjust that is 
not in the analog signal path. These techniques are 
employed in Figure 6. | 


Typical Interface Circuit 


Figure 6 shows an example of a typical interface circuit — 


for the TDC1029. The analog input is AC coupled with a 


741 type operational amplifier and an emitter follower. 
System offset is adjusted via a variable resistor which 
alters the gain of the amplifier that provides the offset 


to the analog input signal. The reference voltages for the 


TDC1029 are both supplied by 741 type operational 
amplifiers configured as inverting amplifiers with emitter 
followers. The reference bottom is adjustable via a 
variable resistor to allow the system gain to be adjusted. 
The power supply to the TDC1029 has been regulated 
with an LM337 three-terminal regulator, then VEFA has 
a ferrite bead inductor in series with the supply and a 
parallel bypass capacitor to ground. The purpose of the 
inductor is to isolate the analog supply from the noise 
and voltage spikes that might be present on the digital 
supply. The digital data that is generated by the 
TDC1029 is latched with a 100151 ECL latch. 


Figure 6. Typical Interface Circuit 
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3, 10, 17, 20 


ALL RESISTORS 1/4W, 5% VALUES IN Q 
ALL CAPS IN WF 
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Typical Interface Circuit 


Figure 6 shows an example of a typical interface circuit for adjustable via a variable resistor to allow the system gain to 
the TDC1029. The analog input is AC coupled with a 1uF non be adjusted. The power supply to the TDC1029 has been 

polar capacitor, then offset by -0.8V with a 741 type regulated with an LM337 three-terminal regulator, then VeFA 
operational amplifier and an emitter follower. System offset is has a ferrite bead inductor in series with the supply and a 
adjusted via a variable resistor which alters the gain of the parallel bypass capacitor to ground. The purpose of the 
amplifier that provides the offset to the analog input signal. inductor Is to isolate the analog supply from the noise and 
The reference voltages for the TDC1029 are both supplied by voltage spikes that might be present on the digital supply. The 
741 tyne oneratinnal amolifiers configured as inverting digital data that is generated by the TDC1029 is latched with a 
amplifiers with emitter followers. The reference bottom is 100151 ECL latch. 


Applications 

The TDC1029J6 (28 lead DIP) has three additional reference offset the proper amount for accurate conversion. In Figure 8 
resistor taps available. These may be used in a variety of the reference taps are driven at different potentials so that the 
ways. Below are depicted two possible applications of these dynamic range of the converter is similar to that of an 8-bit 
taps (Figures 7 and 8). In Figure 7 the potential at the converter. The dynamic range is expanded because the 
reference middie point is sensed and fed back as an offset to quantization steps are not of equal size. Figure 9 is an 

the input amplifier so that the input voltage is automatically illustration of the transfer function of the circuit in Figure 8. 


Figure 7. Midpoint Feedback Figure 8. External Voltage Divider 


INPUT — 
VIN 


TDC1029J6 


Rom 


Figure 9. Piecewise Linear Transfer Function 


OUTPUT CODE 


"8 VIN mt 
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TDC1029 rt 


Tsp atqaore w 100 2 Pn CERDIP 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the ign 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Ordering Information 


Product 
Number 


TDC1029B7C 


Package 
Marking 


1029B7C 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. empOne DES in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. ; 
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raat | 


Monolithic Peak Digitizer 
8-Bit, 30ns Full Response Peak Width 


The TDC1035 is a unique variant of the full-parallel 
(‘flash’) analog-to-digital converter, capable of capturing 
the maximum peak amplitude of one or more pulses 
applied to its input between asynchronous reset pulses. 
Multiple “peak read” operations can be performed 
between resets. Peaks are detected digitally, so operation 
is stable and predictable. Packaged in a 24 pin CERDIP, 
the TDC1035 features lower power consumption and 
smaller size than an analog peak detector/ADC 
combination. All digital inputs and outputs are TTL 
compatible, and all outputs are registered and 
three-state. 


Features 


e 8-Bit Resolution 

e Full DC Linearity For Pulses 30ns Wide 
e Does Not Require Analog Peak-Hold Circuit 
e Continuous Peak Capture Between Resets 


Multionle Read Operations Between Resets 


1/2 LSB Linearity Cm 
Narrow Ambiguity Region Around Reset 


Detects Pulses As Small As 12ns Wide 
Guaranteed Monotonic 

Selectable Data Format 

Available In A 24 Pin CERDIP Package 
1.0W Power Consumption 

Three-State Registered Outputs 


Applications 


Radar Pulse Classification 
Electronic Countermeasures 
Radiation Measurement 
Instrumentation 


Functional Block Diagram 


8 BIT 
ie OUTPUT 


VaB RESET CLK TSO 77 
TRW LSI Products Inc. Phone: (619) 457-1000 ©TRW Inc. 1990 
P.O. Box 2472 FAX: (619) 455-6314 40G06460 Rev. A—11/90 


La Jolla, CA 92038 


Printed in the U.S.A. 


TDC1035 — 


Pin Assignments 
Dy (MSB) 


24 Pin CERDIP — B7 Package 


21220A 


Functional Description 


General Information 


The TDC1035 peak detector operates on ground- 
referenced negative-going signals. Within trp 
nanoseconds after the rising edge of the clock signal 
CLK, it outputs the most negative value reached since 
the previous RESET pulse. The active-HIGH RESET control 
is independent of CLK, but may be connected to CLK to 
provide a single-control peak detector. Multiple output 
cycles are permitted between reset operations. 


The TDC1035 contains parallel array of comparators, an 
array of latches, and an encoder which outputs the 
location of the highest-valued latch which is set. The 
TDC1035's response characteristics are determined by its 
comparator array. A comparator’s response time Is 
determined by the degree of overdrive, since the output 
changes only when the area above threshold reaches a 
characteristic value. Therefore, the digitization accuracy of 
a pulse’s peak value depends on the shape of the pulse. 


To permit accurate, repeatable characterization, the 
TDC1035 is tested with a slew-rate limited “square” 
pulse. It will digitize (to its DC accuracy) the peak value 
of a square pulse having a minimum duration of 30ns. 
The accuracy degrades gracefully as the duration 
decreases from 30 down to 12ns, where it understates 
the applied amplitude by 15% (Figure 7). Production 
characterization of the TDC1035 uses “‘square’’ pulses 
with controlled rise and fall times of 8ns. 
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Performance of the TDC1035 with other pulse shapes 
(such as Gaussian or bandwidth-limited square pulse) can 
be estimated by applying an energy above threshold 
model, with area of 120 picoVolt-seconds. 


The operation of all asynchronous sequential logic circuits 
involves some temporal ambiguity. The most common 
form of this ambiguity, metastability, occurs in data syn- 
chronizers. In a peak digitizer such as the TDC1035, this 
ambiguity comes in the form of periods during which the 
accuracy of the measurement of a pulse may be 
affected, or the pulse may not even be detected. There 
is a 10ns (tap) ambiguity period after the falling edge of 
the RESET signal, during which detection or accuracy of 
detection of any pulse is not guaranteed. There Is also a 
region of 40ns (tpc) before the rising edge of the 
(output) clock (CLK) where a pulse may be missed or 
detected inaccurately. These regions are shown in the 
timing diagrams, Figures 1 and 2. During the latter 
period, if the input signal increases to a new peak larger 
than the previously-latched value, the value loaded into 
the output register may be incorrect (and will most likely 
be zero}; nonetheless, the peak detection latches will 
hold the (correct) new peak value. 


As shown in Figure 3, the TDC1035's comparator inputs 
have emitter-follower buffers, which limit the permissible 
input signal slew rate to 250V/us. This corresponds to a 
full-scale transition time of 8ns. 
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Power 


The TDC1035 operates from two supply voltages: +5.0V 
and —5.2V. The current return for the positive supply is 
DGNp. and the return for the negative (analog) supply ts 
AGNp.- All power and ground pins MUST be connected. 


Reference 


The reference for the TDC1035 is a negative voltage 
GUVUNGU aLIUOS 
chain is connected to the RI pin, and the voltage 
applied to the R7 pin (Vaz) should be within 0.1V of the 
analog ground. Note that the difference between the 
voltage applied to the pin and the voltage at the 
reference chain is the offset specification (Egr and Egp). 
The bottom of the reference resistor chain is connected 
to the RB pin, and the voltage applied to the Rp pin 
(Vpp} should be between 1.8 and 2.2V negative with 
respect to the Ry pin for full-specification operation. 
Reduced reference voltage operation Is possible at 
reduced accuracy (for example, for generating a non- 
linear transfer function). The RT—Rp reference source 
should be able to deliver at least 45mA. 


na anhain nf NED eaniatarn Thar tan af thin 
Qg Ulidit! Ul C2¥V (GololtUlo. THIG lLUp UIE Litto 


Due to the variation in the reference currents with clock 
and input signals, Ry and Rp should be connected to 
circuit nodes with a low impedance to ground. For 
circuits in which the reference is not varied at a high 
rate, a bypass capacitor to ground is recommended. If 
the reference inputs are exercised dynamically (e.g., for 
AGC or nonlinear operation}, a low-impedance reference 
source is required. The reference voltages may be varied 
dynamically; contact the factory for information on 
limitations when the device is used in this mode. The 
performance of the TDC1035 is specified with DC 
references of VaT=O0.0V and Vap=—2.0V. 


Control 


Two function control pins, MINV and LINV, are provided. 
These names stand for active-LOW Most significant bit 
INVert and active-LOW Least significant bits INVert, 
respectively. These controls are for DC (i.e., steady- 
state), not dynamic, use. They permit the output coding 
to be either straight binary or offset two's complement, 
in either true or inverted sense, according to the Output 
Coding Table. A single output state control pin, OE, Is 
provided. The three-state outputs may be placed in a 


high-impedance state by applying a logic HIGH to the OE 


control pin, and enabled by driving OE LOW. 


TRW LSI Products Inc. 


The function control pins may be tied to Vcc for a logic 
HIGH, and Denp for a logic LOW; however, a 2.2 kOhm 
pull-up resistor is preferred over direct connection to 
Vcc. If a pull-up resistor is not used, the absolute 
maximum voltage rating for the part becomes that of the 
TTL input, 5.5V, rather than the higher value for the Vec 
terminal. 


Command 


Two pins, RESET and CLK, control the TDC1035. When 
brought HIGH, the level-sensitive RESET control resets 
the peak-storing latches. The edge-sensitive CLK contro! 
causes the peak value to be loaded into the output 
register when a rising-edge (LOW-to-HIGH) signal is 
applied. As noted above, there is a data ambiguity period 
associated with the operation of each of these inputs. 


Analog Input 


Although the TDC1035's 255 comparators have emitter- 
follower isolated inputs, the input impedance can vary up 
to 25 percent with the signal level, as comparator input 
transistors switch on or off. As a result, for optimal 
performance, the source impedance of the driving device 
must be less than 25 Ohms. The input signal will not 
damage the TDC1035 if it remains in the range 
VeF—-O0.5V to Vacgnp+0.5V. If the input signal stays 
between the Vay and Vpp reference voltages, the 8-bit 
digital equivalent of the most negative voltage reached 
will be latched into the array of latches, subject to the 
dynamic effects mentioned above. A transient more 
negative than Vap will cause a full-scale output tpg 
after the CLK line rises. 


Outputs 


The outputs of the TDC1035 are TTL compatible, capable 
of driving four low-power Schottky TTL (54LS/74LS} unit 
loads or the equivalent. The outputs hold the previous 
data a minimum time tyg after the rising edge of the 
CLK input, and are guaranteed to have the new output 
value after a maximum time tpg. Under light DC load 
conditions (such as driving CMOS loads or base-input 
low-power Schottky such as the 7415374) 2.2k pull-up 
resistors to +5.0V are recommended. 
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Package Interconnections 


_Name> B7 Package Pins i 
Vec a Positive Supply Voltage | +5.0V 7 «8B 
VEE . _ Negative Supply Voltage . ea = O2N 6, 9 


Digital Ground 
AGND ‘Analog Ground . 


0.0V 5,10 
0.0V 18, 21 


— 0.0V | 17° 
—2.0V 22 


TTL (Active LOW) | 24 
TTL (Active LOW) 1 


TTL (Active LOW) a 23 


Ry Reference Resistor, Top 
Rp Reference Resistor, Bottom ‘ 


MINV MSB Invert 
LINV ; LSB Invert 


Oo 
G> 
= 
Oo 


| Output Enable 


© 
m 


~ RESET . - Resets Peak Value to Zero. ~ TTL (Active HIGH) 16 

» CEK . “ilk. Loads Output Register TTL (Rising Edge) | 7 
VIN _ Analog Input Signal a 0.0V to -2.0V a 19 
D, MSB Output | 2b ; 1 
a 
D3 pe m™ 
Dg i 
D5 oe dl 2 
Dg | TTL 13 

7 i 
Dg _ LSB Output TTL 15 


Figure 1. Timing with Separate RESET and CLK Figure 2. Timing with Common RESET and CLK 


trp = tpc 
| 


oF min |_ tec | 
--4+- — — — + —FULLSCALE 
PEAK |\| pear § ANALOG , PEAK |\| gE. 
is | INPUT by 


ANALOG 
INPUT 


thp 
| 
—>| 


_| (ce 
RESET ~ uns | 
& CLK | \ \ , 


e tpn < - ee 
DATA PEAKN-1 XXXX PEAK N po FT tho 


>| tuo | fe, ‘no 21223A 
‘bo 212224 | ee 
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Figure 3. Simplified Analog Input Equivalent Circuits 
VIN 


Cin lop Rin 
Vin 


VEEA Vee 


Ciy IS ANONLINEAR JUNCTION CAPACITANCE 
Var IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Rp 


REFERENCE 


Vee VEE RESISTOR VEE 
CHAIN 21191A 
Figure 4. Digital Input Equivalent Circuit Figure 5. Output Circuits 
Vec 
Yeo° er er Voc 
8100 
30K 1600 
TO 
OUTPUT 
INPUT © ie Aa PIN 
ALL 
en 40pF DIODES 
OUTPUT T nts 
= 21188A Ss 
LoaD1 + 
= 21189A 


Figure 6. Recommended Input Circuit Figure 7. Variation of Accuracy as a Function 


of Width, “Square” Input Pulse 


TDC1035 
VIN 


VIDEO 16pF 
OPERATIONAL T 
AMPLIFIER = 21224A 


BITS 1/2 LSB ACCURACY 


PULSE WIDTH ( ns at 50%) 21225A 
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Output Coding 


| 


Offset wes comp enrent 


—— Inverted 
—-2.0000V FS —2:0480V FS 1 
Step —-7.8431mV Step — -8.000mV Step 0 
000 0.0000V ; -. 0,0000V 00000000 11111111 10000000 01111111 
001 —0.0078V ~ —0.0080V 00000001 11111110 10000001 01111110 
“ A e 
e 2 e 
127 —0.9922V — 1.0160V 01111111 10000000 11111111 00000000 
128 — 1.0000V nich = 1.0240V : 10000000 01111111 00000000 11111111 
129 — 1.0078V ~ ~1.0320V ~ 10000001 01111110 00000001 11111110 
e e 
e e 
254 — 1,9844V —2.0240V 11111110 00000001 01111110 10000001 
255 _ —1.9922V — 2.0320V 11111111 00000000 01111111 10000000 
Absolute maximum ratings (beyond which the device may be damaged) | 
Supply Voltages . : 
Vec (measured to Denp) ------. Idee ke Segara, ct et a et fect eet te ky Ma aad et cua gneeeeee Poni eats —0.5 to +7.0V 
Were ICR S UOC, 10. ini) cocstec te seers key h ceascreen davai chasse coats beth rcea ah tae Se a Pe eet stn aa etceaegecy? —7.0 to +0.5V 
PGR fy WGA tr OG OB eee iia sxe wes cesesadcere sate seetiend se eneezetbad chat stedenaedeneas tc steed casa antetva atone inSasnestea cecnccbcetes —0.5 to +0.5V 
Input Voltages - Be ee Gee 8 aa, eRe vt | 
RESET, CLK, OE, MINV, LINV (measured. 10 Ahi): miei etn eaouaiend beeps asectesasecce: des aesateds —0.5 to +5.5V 
Vin. Ver. Vpp (measured to Agnp) tinsstitconetas 2 ceteteaded seseeesenecnsessssesssssussssssssssssesecnanansnnssnsnnsunsannnnsanensssssesssan (Ver — 0.5) to +0.5V 
Vrz (measured to Vpp) RT eee er piieeachetahsl aehectoatests Eiiat aah tacatdraces caida caeltaercantet —2.2 to +2.2V 
- Outputs oe : | : = 
Applied voltage (measured to Deno) Se Niet faaalect ee aise erlst delspats eae tance ea doatni ane es Ghee nghaeenaiat, —0.5 to +0.5V2 
- Applied current (externally forced) .......... Bate San are chante cdi adya ace menace acumen see ee — 1.0 to 6.0mA 24 
- Short-circuit duration fue output HIGH to shorted to ground) satel uatciattab cactus tdcede hada i tne tgoe ace ate aluedtaceent andes 1 Second 
Temperature 23 bug 
— Operating, ambient .......... Sevetinaumniee soli hua detonate gC ptagttn aul ap ara RRGabent RS ataaaaaLecatER eAASTATELC a trang —55 to + 125°C 
WEUC TIN cepcehadcee fact celta vse O ct se GRacen Sut canst Ore ys Nasi oadu uu canleah Sef aue Ge wills sesalns deat tagnad opeeaiaetiiae +175°C 
Lead, ‘soldering (10 seconds) . Secu abs casiine eemae eect tt as eat tc en eat ORS aetna cea ta at ai aera NG Gea ads ia + 300°C 
» SEOPAQE .csscteeese FE ene er ee eee een err ee eee eee oe eer eee —65 to +150°C 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. Device performance is guaranteed only if specified operating conditions 


are met. 
2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as positive current flowing into the device. 
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Operating conditions 


Temperature Range 


Vcc Positive Supply Voltage 4.75 4.50 V 


Veg Negative Suply Votags [490 [52 [55 [490 [52 [55 [V 
VaGno __Arelog Ground Voltage Par CB 


tpWHR Reset Minimum Pulse Width, HIGH | om | | 20 ns 
tpWLC CLK Minimum Pulse Width, LOW 

fpwac___ CLK Minimum Pulse wa wer | 20 es 
Sp Input Signal Slew Rate Pf | 280 ae ie 250 | VuS 


Vin Tapa Votage, Logic HIGH A 


ig Output Curent togionGH |__| | 0 |__| | -0_[ A 
Vag Reference Voltage, Bottom [aie [=20_[=22_ [= 18 | -20 [22 v 
VIN Input Voltage Range VRT —— Vep | Ver fo Vep V 


Electrical characteristics within specified operating conditions 


Temperature Range 
Parameter Test Conditions 


‘ in | Ma 
= 


Units 


ra) 
on 
3 

> 


lee Negative Supply Current Ver = Max, Static 

IREf Reference Current Vat —Vrap=Nom 

Race Reference Resistance Total, Ry to Rp ey ee 
Rin Input Equivalent Resistance (DC) Vet, Vap=Nom, Vin=Vep | 50 fo 
Cin Input Capacitance, Analog Vet. Vap=Nom, Vin=Vpp | 50 | 
Icp ‘Input Constant Bias Current Ver = Max 


lead 
= 


Ohms 
kOhms 


on 
= 
> 


wn 
cm) 

= 
> 


ly = Input Current Logic HIGH Veco = Max, Vip =2.4V 
iM Input Current, Vipy = Max Veco = Max, Vy =5.5V 


es 
loz_ Hi-Z Output Leakage Current, Output LOW —3 


oO 
S 


A ae 
ww on f on 
fel | : ae 


w 
cas) 

— 
> 


lozH Hi-Z Output Leakage Current, Output HIGH | Vec=Max, Vg=5V 
log Short-Circuit Output ' Vcc =Max, Output HIGH, one 

output tied to Denp for 1 second. 
VoL Output Voltage, Logic LOW Veco = Max, Io, =Max re | 
Voy Output Voltage, Logic HIGH Vec=Min, Igy =Max 


Note: 1. Worst case, all digital inputs and outputs LOW. 


ie) 
a 


| 

en] co 
—) o|o 
wn 

= 

> 


pF 
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Switching characteristics within specified operating conditions 


Parameter > Test Conditions = | Min | Max | Min | Max | Units 
tpc CLK Setup Time | Veg=Min, Vep=Min, load? = | | ft] 
io Output Hold Time | =~ Vec=Min, Veg=Min, Load? =f | wT 
 tpig ‘Output Disable Time Vec=Min, Veg=Min, Load 1 ae TS ae 20 | os 
tena Output Enable Time Vec= Min, Vee =Min, Load 1 m2 a ee 90 ns 
Note: 1. tap and tpe are the guaranteed maximum lengths of the ambiguity parade: | 
System performance characteristics within specified operating conditions 
| . Temperature Range | 
i‘ | | Standard ~ Extended 
Parameter | | Test Conditions == | Min | Max | Min | Max | Units 
EL Linearity Error, Integral, Independent | Vp7, V—pp=Nom | {| o2t | | %FS 
Ep Linearity Error, Differential Vat, Vap=Nom aro %FS 
CS Code Size | Vet, Vap=Nom 170 % Nominal 
twin Analog Input Pulse Width Square Pulse, | 
15% Accuracy | 12 12 ns 
_ be Recweey [a 
it) i dA Vin =YRT pt es || 8 [av 
Egp Offset Error, Bottom Vin=Vee ee 
Teg. Offset Error, Temperature Coefficent Vat, Vap, Veco, Ver =Nom ae +20 aa +20 uVicC 


Applications Discussion _ 


Under certain conditions, the real component of the 
input impedance may go negative at frequencies near 
100MHz. To prevent oscillation at the input signal port, . 
TRW recommends connecting the input signal to the 
TDC1035 via a series-connected resistor of at least 


Ordering Information | 


Product 
Number 


TDC1035B7C 
TDC1035B7V 


‘STD-Tp=0°C to 70°C Commercial 24 Pin CERDIP 
EXT-Tp=—55°C to 125°C MIL-STD-883 24 Pin CERDIP 


10 Ohms located close to the device. Further, if the 
signal bandwidth is not already limited so that the input 
Slew rate limit is not exceeded, external circuitry is also 
recommended. The circuit shown in Figure 6 

~ accomplishes both goals. 


Package 
Marking 


1035B7C 
1035B7V 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to 
. change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk 


of such use and indemnifies TRW LSI Products Inc. against all damages. 
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TDC1038 


Monolithic Video A/D Converter 
8-Bit, Z0Msps, Low Power 


The TRW TDC1038 is a flash analog-to-digital converter 


capable of converting a video-speed signal into a stream 


Ul G-Uli Ulylial wurds ai ZCivisps \iviegaSampies Per 
second}. It is pin-for-pin compatible with the industry- 
standard TDC1048 but uses half the power. Since the 
TDC1038 is a flash converter, a sample-and-hold circuit 
is not required. 


The TDC1038 consists of 255 clocked latching 
comparators, combining logic, and an output register. A 
single convert clock controls the conversion operation. 
The unit can be configured to give either true or 
inverted outputs, in binary or offset two's complement 
coding. All digital 1/0 is TTL compatible. 


Features 


e 8-Bit Resolution 

e DC To 20Msps Conversion Rate 

7MHz Full-Power Bandwidth 

30MHz Small Signal —3dB Bandwidth 
e 1/2 LSB Linearity 


700mW Power Dissipation 

+5V, —5.0V (Or —5.2V) Supply Operation 
Low Cost 

Drop-In Replacement For TDC1048 
sample-And-Hold Circuit Not Required 
Analog Input Range 0 Io —2V 

Differential Phase 0.3° 

Differential Gain 0.7% 

Selectable Data Format 
Available In Plastic DIP, CERDIP, And PLCC 


Applications 


Digital Television 

Electronic Warfare 

Low Power Upgrade For TDC1048 

Video Digitizing 

Medical Imaging 

High Energy Physics 

Low Cost, Low Power, High-Speed Data Conversion 


Pin Assignments 


D, (SB) 1 28 NMINV 
Dy 2 27 Ry 
Ds 3 26 Rp 
Dy 4 25 Agno 
Deno 3 24 NC 
Voc 6 23 Vin 
Vee ? 22 NC 
Vege 8 21 VIN 
Ver 9 20 NC 
Voc 10 19 Agno 
Dono 1 18 Ry 
NLINV 12 17 CONV 
Ds 13 16 Dg (LSB) 
Dg 14 15 Dy 
21201A 


28 Pin CERDIP — B6 Package 
28 Pin Plastic DIP — N6 Package 


21202A 


28 Lead Plastic J-Leaded Chip Carrier — R3 Package 
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TDC1038 Rw 


Functional Block Diagram 


8 
255TO8 
ENCODER REGISTER ae. D4.g 


DIFFERENTIAL 
COMPARATORS 
(255) 


21203A 


Functional Description 
General Information : | Power 


The TDC1038 has three functional sections: a comparator The TDC1038 operates from two supply voltages: +5.0V 
array, encoding logic, and output registers. The compar- and —5.0V. —5.2V may be used with a slight increase 
ator array compares the input signal with 255 reference in power dissipation. The return path for Icc, the current 
voltages to produce an N-of-255 code (or thermometer — from the +5.0V supply, is Dgnp. The return for path 
code, since all the comparators whose reference is more Ice, the current from the —5.0V supply, is Agnp. All 
‘negative than the input signal will be on, and all those power and ground pins must be connected. 

whose reference is more positive will be off). The en- : 

coding logic converts the N-of-255 code into the user's. Reference 

choice of coding. The output register holds the output 


constant between updates. The TDC1038 converts analog signals in the range 


VRB S<VinSVpzq into digital form. The specifications of. 
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artw 


Reference (cont.) 


the TDC1038 are guaranteed with Vaz (the voltage 
applied to the top of the reference resistor chain) at 
0.0 + 0.1V and Vpp (the voltage applied to the bottom 
of the reference resistor chain) at —2.0 + 0.1V. 


Linearity is guaranteed with no adjustment; however, a 
midpoint tap, Ray, allows trimming of converter integral 
linearity as well as the creation of a nonlinear transfer 
function. [his is explained in the Application Note [P-19 
“Non-Linear A/D Conversion”. The circuit shown tn 
Figure 6 will provide approximately a 1/2 LSB adjust- 
ment of the linearity at midscale. The characteristic 
impedance seen at this node is approximately 220 Ohms 
and should be driven from a low-impedance source. Note 
that any load applied to this node will affect linearity, 
and any noise introduced at this point will degrade the 
overall quantization SNR. Due to the slight variation in 
the reference current with clock and input signals, Ry 
and Rp should be low-impedance-to-ground points. For 
circuits in which the reference is not varied, a bypass 
capacitor (0.01 to 0.1yF) to ground is recommended. It 
the reference inputs are exercised dynamically (as in an 
automatic gain control circuit) a low-impedance reference 
source is required. The reference voltages may be varied 
dynamically up to 5MHz; however, device performance is 
specified with fixed reference voltages as defined in the 
Operating Conditions Table. 


Analog Input 


For precise quantization, the TDC1038 uses latching 
comparators. For optimum overall system performance the 
source impedance of the driving circuit must be less than 
25 Ohms. If the input signal is between the VpT and 
Vep references, the output will be a binary number from 
0 to 255. When a signal outside the recommended input 
voltage range (0 to —2V) is applied, the output will 
remain at either full-scale value, The input signal will not 
damage the [DC1038 if it remains within the range 
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specified in the Absolute Maximum Ratings Table. 
Both analog input pins are connected together internally 
and therefore either one or both may be used. 


Convert 


The TDC1038 requires an external convert (CONV) signal. 
Because the TDC1038 is a flash converter it does not 
Saris do akon ic 
outputs of the comparators are latched) within tsTo 
(Sampling Time Offset) after a rising edge on the CONV 
pin. The result is encoded and then transferred to the 
output registers on the next rising edge. The digital 
output for sample N becomes valid tp after the rising 
edge of clock N+1 and remains valid until tyg after the 
rising edge of clock N+2. (See Figure 1, Timing 
Diagram.) 


ranitira a track-and_hald ecirerit A 
PO HN OH I Pee ON 


Output Format Control 


Two output format control pins, NMINV and NLINV, are 
provided. These controls are for DC (i.e., steady state} 
use. They permit the output coding to be either straight 
binary or offset twos complement, in either true or 
inverted sense, according to the Output Coding Table. 
These active LOW pins may be tied to V¢c (through a 
4.7 kOhm resistor) for a logic 1 or Denp for a logic 0. 


Outputs 


The outputs of the TDC1038 are TTL compatible, capable 
of driving four low-power Schottky TTL (54/74 LS) loads 
or the equivalent. The outputs hold the previous data for 
a minimum of ty after the rising edge of the CONVert 
signal. 


Not Connected 


There are several pins that have no internal connection 
to the chip. They should be left open. 
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Package Interconnections 


Signal Signal | | BG, NG, R3- 
Type Name Value |}: Package Pins" 
Power Digital Supply Voltage } +50 7 «6, 10 | 

nag Supply Vag 78,3 
Agno | __ Analog Ground 1, 
Denp Digital Ground | | 5,11 
Reference — Reference Resistor (Top) 18 
a | Ru __|_ Reference Resistor (Middle) ei 10V-00~O 27 
| | | Res |_ Reference Resistor (Bottom) 26 
Analog Input 1 ww Analog Signal Input ; 0V to -2V | 21, 23 
Format Control | NMINV Not Most Significant Bit Invert FTE 28 
NLINV Not Least Significant Bit Invert TTL 12 
Data Output | Dy | Most Significant Bit Output TTL : 1 
aye ee 
OR eee ed ee ee, ee |... 3 
a Rear |e ee, eenee | Ea 4 
es ee GA BB 
a Teese Seah eee 14 
a Sa ears eet Sie ___ 1 
E Dg Least Significant Bit Output 16 


Figure 1. Timing Diagram 


SAMPLE — SAMPLE 
oN N+1 


CONV ‘SAMPLE > 
N+2.- 


ANALOG INPUT : 
4 
| —€— tsto a D | 


//VVV/ DATA V/V/V DATA JVVV DATA //VVV/ 
piemacouteut | XXXK net XK XXX XXX 
—>| tuo «<— 7 : 7 : : 24190 
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TDC1038 at 
7 AXNvy 
Figure 2. Simiplified Input Circuits 
VN t 
Cin lca Ain 
Vin 
VEEA Vag VEE 
Cy, IS A NONLINEAR JUNCTION CAPACITANCE Cu 
Vp iS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN R 
= vo vo REFERENCE © 
EE EE RESISTOR EE 
CHAIN 21191A 


Figure 3. Convert Input Equivalent Circuit Figure 4. Output Circuit 


Rs) (ee see Vv 
‘cc Voc cc 
OUTP 
UT 
OUTPUT PIN 
INPUT © --- 
40pF 
d t LOAD 1 = 
VEE = = TEST LOAD 
21192A 
OUTPUT EQUIVALENT AC ASURCKIERTE 
CIRCUIT 211934 
Output Coding Table 
Binary Oftset Two's Complement 
Input NMINV = HIGH NMINV=LOW NMINV =LOW NMINV = HIGH 
Voltage NLINV = HIGH NLINV=LOW NLINV = HIGH NLINV= LOW 
0.0000V 0000 0000 1111 1111 1000 0000 0111 1111 
— 0.0078V 0000 0001 1111 1110 1000 0001 0111 1110 
e e e e e 
e e e e e 
e e e @ e 
—0.9922V 0111 1111 1000 0000 1111 1114 0000 0000 
— 1.0000V 1000 0000 0111 1111 0000 0000 1111 1111 
— 1.0078V 1000 0001 0111 1110 0000 0001 1117 1110 
e e e e e 
e e e e ® 
e e e + e 
— 1.9844V 1111 1110 0000 0001 0111 1110 1000 0001 
~ 1.9922V 1117 1111 0000 0000 0111 1111 1000 0000 
Notes: 1. NMINV and NLINV are to be considered DC controls. They may be tied to +5V for a logic 1 or tied to ground for a logic 0. 
2. Voltages are code midpoints. 
TRW LSI Products Inc. 89 


TDC1038 Triw 


Absolute maximum ratings beyond which the device may be damaged) 


Supply Voltages 


We (measured: 10 "Deen ip)! sxctcawasstencinrtedticeenteneaeinicetntannaea tantet tiie meinainnn pan can maominaaamunann nate —0.5 to +7.0V 
Vee (measured to Acai) us cpsatienterieancisdsaimasainutinuaniaeteteieete sbeetined dst aetacttey eet decent tienes +0.5 to —7.0V 
AGND (Measured to Dgpyp)..---s--sssccceeseeceeeseeeeeeeteteeeseetteettinitissnnnnsanessssssssgnsnssssssssennnnsnnen is cistectintaute inca amet ause ~0.5 to +0.5V 
Input Voltages 2 | | 
CONV, NMINV, NLINV (measured to Dep) .s---ssssssssecsssssecessnessssnsecssssecsssnsessnneeseaseesnes seen tt —0.5 to (Vec¢ + 0.5V) 
Vine Ver Vip lmeasured: C0: A Gn ipy) scesscsutessitenssesicass coins sotusnssasansangeachanseutvadusbbosaaitaiestne ae eee Ssatsrunucuinisties Veg to +0.5V 
Vey (measured. 10° pa). ssnieieascransniieenaeneroateanrationtenna citenice SES ater ee Cee Besa eo sath eiten teeta trast —2,2 to +2.2V 
Input Currents? | 
OVS INIVITIV ETI 2 sceseieteccaccese cbatpite)tchealetbeamesreta nay catee cc onstss attest lacastpantha cts autciie, 5c5.ts dana baauoe cass eed taste —50 to +50mA 
Vine Vet, Var tase ea isaac Mak tte tt a Nc ecg ae Ress acca One ae ge eh ead ine teeta ee Pact tole Sets Gee eaten 2: as —100 to +100mA 
Output . a . 7 | 
Applied voltage * (measured to Dep)... Pe ee tr re eee een ene avaiianapaneis —0.5 to (Veg + 0.5V) 
Applied: ‘currant 9, externally: Toned 5. sissscsscssacscazevosshscttsbncadisdccdsanaleslacoreuvtdesauysntdaesbowinetnadelnssdansstovencwonsonasepeinee daca —20 to +20mA 
Short circuit duration (single output in HIGH state to Ground) oo. csesscsescscsssssceessssssscssscseesscscsesssssssssesssstenecsenenees 1 Second 
Temperature | gots 
_ Operating, ambient (all packages except N6 and R93} se febp eRe Cera VUGGREGSLONG ag rnceete a Ass nerve iat earns —55 to +125°C 
ING and RS packages Only) icsaniciohs tedralivuieatatitiaelcatd annus eng umuset aucune —20 to +90°C 
junction. (all Packages) oo... ceeseeeeeeseseeseseeees ses fasinates cond urWdin sense eirasapihd aac aeiislasts ade tan eae NO AT +175°C 
Lead, soldering, all packages (10 S@CONAS) ......c.sceccesccssesssesseesesstesessesseeses Pia ety alee edo hers eae eee enced + 300°C 
Storage, all packages ........ ccc cssesesessseseseeeseseeeeee Seiad esas ee cabs auan enous octave Bea anova eens eidanavein —65 to +150°C 
Notes: . 1. Absolute maximum ratings are limiting values applied individually while all other. parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. A condition applied individually that exceeds the Operating Conditions 
specification but is less than the Absolute Maximum Ratings will not cause immediate device failure. Device performance and reliability are 
guaranteed only if the Operating Conditions are not exceeded. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
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7 mIXNyy 
Operating conditions 
Temperature Range 
Standard 
Parameter p Min] Nom | Max | _ Units 
Vee Analog Supply Votags Sn 
VRB Most Negative Reference input v 
VIN Input Voltage Vap ae Vert V 
Note: 1. Vpy must be more positive than Vpp, and voltage reference differential must be within specified range. 
Thermal characteristics (approximate) 
Parameter Typical Units 
Gia Thermal Resistance, Junction to Ambient a ee ee ee °C/W 
°cW 
a: ae ee eee 
ic Thermal Resistance, Junction to Case a ee ee eee °C/W 
ee ee ee °C/W 
a 
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Electrical characteristics within specified operating conditions 


Temperature Range 
Standard 


Parameter e _ Test Conditions Units 


lec Positive Supply Current Vec = Max ! 

IEE Negative Supply Current | Veg = Max | | 

Ipcr Reference Current | Vet, V—pp=Nom . . 
Rin. Input Equivalent Resistance Vet, Vpp=Nom, Vin=Vrp | ¥ | 
Cin Input Capacitance Vet, Vap=Nom, Vin=Vpp | 


—165 mA 


Ohms 

| kOhms 

IcB Input Constant Bias Current | Veca = Max 5 
We Input Current, Logic LOW Veco = Max, Vj =0.4V 
NH Input Current, Logic HIGH Veco = Max, V)=2.4V 


—200 
I Input Current, Max Input Voltage Vec=Max, Vj =Vec = Max 
VoL. Output Voltage, Logic LOW Vec Min lo. = Max 
Vou Output Voltage, Logic HIGH Vec= Min, Igy =Max 


los Short-Circuit Output Current Vec= Max, Output HIGH, one pin to 
| | - ground, one second duration max 
C Digital Input Capacitance Ty =25°C, F=1MHz | 


Note: 1. Worst case, all digital inputs and outputs LOW. 


N Ss 
= lon oy on aoe) > 1s 
on =) oT]To roa) on Tt bSe 

= 

Z| > 


67 
24 


pF 


Switching characteristics within specified operating conditions 


‘Temperature Range | 
Standard 


Parameter , Test Conditions | Min’ =|) Max Units 
Fs Maximum Conversion Rate | EM 
isto__ Sampling Time Offset fee 
ty Output Delay Vec=Min, Load 1, Figure 4 a ee ee 
tHo Output Hold Time | Voc =Max, Load 1, Figure 4 Se ae ns 
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7 IXY 
System performance characteristics within specified operating conditions 
Temperature Range 
Standard 
Parameter Test Conditions | Min’ | = Max | Units 
Ei Linearity Error Integral, Independent Vet, Vap=Nom % 
COT Uffoei Crrur, tup VIN = YRT +19 


Egp Offset Error, Bottom 
Teo Offset Error, Temperature Coefficient 


BW Bandwidth, Full Scale Input 


BWco —3dB Bandwidth, Small Signal 
tTR Transient Response, Full Scale 
SNR Signal-to-Noise Ratio 


Peak Signal/RMS Noise 


RMS Signal/RMS Noise 


Eap Aperture Error 


DP Differential Phase Error 
DG Differential Gain Error 


ViN=YRB 


No Spurious or Missing Codes 
—20dBFS Input 


10MHz Bandwidth, 
20Msps Conversion Rate 


1.248MHz Input 
2.438MHz Input 


1.248MHz Input 


2.438MHz Input 
Fo=4xNITSC 
Fo=4xNTSC 


—20 
7 
30 


54 
53 
45 


+] | 

NO] — 
r| — oj; 
oOo] oO 


Degree 


Figure 5. Typical Interface Circuit 
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+5V 
O 


; 6 |t0 
as Vee V 
| 28 MIN 


NLINV 


VIN ia 
‘IN 14 
TDC1038 ie 
AGND D7 re 
Aenp Dg (LSB) : 
Dgnp 
Dn 
Vee Vee Vee 
{7 [3 
im O 
5V 
| 2N2907 _ 
BV 21390A 
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Figure 6. Optional Midscale Linearity Adjust 


> 7 TDC1038 


-2V — 


21194A 


iz 
_| CLOCK RATE = |20MSPS 
INPUT SIGNAL =|-0.1dB FULL SCALE 


SINAD - dB 


INPUT FREQUENCY - MHz 21205A 


Typical Interface Circuit 


The Typical Interface Circuit (Figure 5) shows a wide- 
band operational amplifier driving the A/D converter 
directly. Bipolar inputs to the op amp can be accom- 
modated by adjusting the offset control. TRW’s TDC4611 
provides a stable reference for the offset and gain 
controls. All Vjnj pins are connected close to the ‘device 
package and the input amplifier’s feedback loop should 
be closed at that point. The buffer has an inverting gain 
of two, increasing a 1Vp-p video input signal to the 


recommended 2Vp-p input for the TDC1038. Proper 
decoupling is recommended for all systems. 


The bottom reference voltage (VRp} is. supplied by an 
inverting amplifier or the TDC4611, buffered with a PNP 
transistor. The transistor provides a low-impedance source 
and is necessary to sink the current flowing through the 
reference resistor chain. 


Evaluation Board 


The TDC1038E1C is a Eurocard-style printed circuit board 
designed to optimize the performance of, and to aid in 
the evaluation of, the TDC1038 A/D converter. The board 
dimensions are 100mm x 160mm with a standard 64 pin 
double-row DIN male connector installed. A | 
complementary 64 pin double-row DIN female connector 
is included with the board. The circuitry on the board 
includes reference voltage generator, wideband video 
input amplifier, and a TDC1012 12-bit D/A converter 
which may be used in evaluating certain parameters of 
the TDC1038. 


The board employs only two conducting sides. Most of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
I/O and clocks. The board is calibrated and tested at the 
factory and is supplied complete with TDC1038 and 
TDC1012 installed. 
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Power and Ground 


Four power supply voltages are required for the opera- 
tion of the TDC1038E1C: Vec= +5V, VeF= —5.2V, 
V+=+15V and V— =-—15V. All power inputs are 
decoupled to a single solid ground plane, GND. All GND 
pins of the board are connected to the ground plane and 
it is recommended that all GND pins be used. 


Voltage Reference Generator 


The TDC1038E1C has a voltage reference generator 
circuit for driving the RB terminal of the TDC1038. With 
RT grounded, a variable —2V Is supplied to RB from U2 


~ and Q2. The GAIN potentiometer provides + 10% 


adjustment range on the RB voltage. Diodes D3 through 
D6 act as clamps which protect the TDC1038 from 
power-on conditions that might violate absolute 
maximum ratings and damage the TDC1038. 
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Video Input Amplifier 


The input amplifier of the TDC1038E1C, U3, has been 
designed to accept a +0.5V input range and translate 
that signal to the OV to —2V range of the TDC1038. 
The output of this amplifier can be monitored at the 
AOUT SMA connector which is connected to the Vin 
terminals of the TDC1038 through a 470 resistor. The 
OFFSET potentiometer, R29, gives a +0.5V offset 
adjustment range to the board. 


A/D Converter Inputs 


The clock to the TDC1038, CONV, is normally brought 
onto the board through the SMA connector labeled 
“CONV.” By installing jumper J1, this signal is routed 
through the edge connector pin B2. A location for a 
terminating resistor, R14 is available on the board for 
terminating a clock cable. The NMINV and NLINV inputs 
to the TDC1038 are pulled HIGH with resistors and may 
be pulled LOW by installing jumpers J2 and J3. 


The analog signal input to the TDC1038E1C is brought 
onto the board by way of the SMA connector labeled 
"Ain. near pin 28 of the TDC1038. A terminating 
resistor, R23, is included on the board for terminating a 
50Q analog input signal cable. 


A/D Converter Data Outputs and D/A Converter 
Data Inputs 


The eight data outputs of the TDC1038 are brought to 
edge connector pins B13 through B21 (excluding B18). 
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These pins are located directly across the edge connector 
from the corresponding data inputs of the TDC1012 D/A 
converter to simplify connection of A/D outputs to D/A 
inputs. 


D/A Converter Inputs 


The clock to the TDC1012, CLK, is normally brought onto 
the board through an SMA connector labeled “ULK™ 
near pin 16 of the TDC1012. A location for a terminating 
resistor, R6 is provided for clock cable termination. The 
clock to the TDC1012 is also brought to the edge 
connector pin B24. 


D/A converter outputs are brought to SMA connectors 
labeled OQUT+ and OUT— as well as edge connector 
pins B28 and B27. Load resistors of 51.10 are provided 
on the board to facilitate 50Q cable connection to the 
board. 


Potentiometer R11 is used to adjust the reference voltage 
to the TDC1012. This voltage is adjusted to —1.0V as 
part of the factory test and calibration procedure. 


Removing the jumper in the location labeled “FT” will 
put the TDC1012 into feedthrough (unclocked) mode. This 
eliminates the requirement for a D/A clock signal, but 
will degrade the fidelity of the TDC1012 reconstruction. 
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TDC1038E1C Silkscreen Layout 
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TDC1038E1C Component Side Layout 
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TDC1038E1C Circuit Side Layout 


TDC1038E1C Eurocard Edge Connector Pinout Mating Connectors for TDC1038E1C 
GND A32 B32 V— (-15V) AMP 532507-2 Wire-wrap 
GND A31 B31 V+ (+15V) AMP 532507-1 Solder tail 
GND A30 B30 NC . | 
i A i se ae Robinson-Nugent RNE-64BS-W-IG30 Wire-wrap 
28 28 D + : 
cn Ags a7 OA DUS Robinson-Nugent RNE-64BS-S-IG30 solder tail 
a oe = a sourlau 8609-264-6115-7550E1 Wire-wrap 
GND A24 B24 DIA CLK Sourlau 8609-264-6114-7550E1 — solder tail 
GND A23 B23. NC souriau 8609-264-6813-7550E1 Solder tail, 
GND A22 B22 NC right-angle 
D/A Dy MSB A21 B21 A/D Dy MSB bend 
DIA D2 A20 B20 A/D D2 
DIA D3 A19 B19 A/D D3 
GND Als B18 Vcc (+5V) 
DIA Dg A17 B17 A/D Dg 
D/A Ds AIG B16 A/D Ds 
DIA Dg A15 B15 A/D Dg 
DIA D7 A14 B14 A/D D7 
D/A Dg LSB A13 B13 A/D Dg LSB 
NC A12 B12 NC 
NC Alt B11 NC 
NC A10 B10 NC 
NC A9 B9 NC 
NC A8 B8 NC 
NC A7 B7 NC 
NC AG B6 NC 
NC AS B5 NC 
GND A4 B4 NC 
GND A3 B3 NC 
GND A2 B2 A/D CONV 
GND Al Bl Veg (-5.2V) 
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Figure 9. TDC1038E1C D/A Converter Schematic Diagram 
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Ordering Information 
Product Temperature Range | Package Package 
Number ae Marking 
TDC1038B6C STD-Ty=0°C to 70°C. 28 Pin CERDIP 1038B6C 
TDC1038N6C STD-Ty=0°C to 70°C 28 Pin Plastic DIP 1038N6C 
TDC1038R3C STD-Ty=0°C to 70°C 28 Lead Plastic J-Leaded Chip Carrier 1038R3C 
TDC1038E1C STD-Ta=0°C to 70°C | = -- | _ Eurocard PC Board TDC1038E1C 


100 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in ile support applications assumes all risk of 
such use and indemnifies TRW LSI! Products Inc. against all damages. 
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TDC1044 


Monolithic Video A/D Converter 
4-Bit, 25Msps 


The TRW TDC1044 is a 25Msps (MegaSample Per 
second) fully parallel analog-to-digital converter, capable 
Ul CUNVeruny afl diidivy signal with Tull-power Trequency 
Components up to 12.5MHz into 4-bit digital words. Use 
of a sample-and-hold circuit is not necessary for oper- 
ation of the TDC1044. All digital inputs and outputs are 
TTL compatible. 


The TDC1044 consists of 15 latching comparators, 
encoding logic, and an output register. A single convert 
signal controls the conversion operation. The unit can be 
connected to give either true or inverted outputs in 
binary or offset two's complement coding. 


Features 


e 4-Bit Resolution 

e 1/4 LSB Non-Linearity 

e Sample-And-Hold Circuit Not Required 
e 26Msos Conversion Rate 

e Selectable Output Format 

e Available In A 16 Pin DIP 


Applications 


e Video Special Effects 
e Radar Data Conversion 
e Medical Imaging 

e image Processing 


Functional Block Diagram 
NMINV 
NLINV 
CONV 


bt 
7 


15 T0 4 
4 


Ru 
e 
e 
e 
DIFFERENTIAL 
COMPARATORS (15) 
Re 
REFERENCE 
RESISTOR 
CHAIN 
103 
TRW LSI Products Inc. Phone: (619) 457-1000 ©TRW Inc. 1990 
PO. Box 2472 FAX: (619) 455-6314 40601899 Rev. D—11/90 


La Jolla, CA 92038 


Printed in the U.S.A. 


Gu 


Toci044 


at 


Pin Assignments 


CONV 

+ Dy (LSB) 
hig Dy 
1} 13 Dy 

D, (MSB) 
Dgnp 


Voc 
9 NMINV 


16 Pin DIP — B9 Package 
16 Pin Plastic DIP — N9 Package 


Functional Description 


General Information 


The TDC1044 has three functional sections: a comparator 
array, encoding logic, and an output register. The 
comparator array compares the input signal with 15 
reference voltages to produce an N-of-15 code 
(sometimes referred to as a ‘thermometer’ code, as all 
the comparators referred to voltages more positive than 
the input signal will be off, and those referred to 
voltages more negative than the input signal will be on). 
The encoding logic converts the N-of-15 code into binary 
or twos complement coding, and can invert either 
output code. This coding function is controlled by DC 
signals on pins NMINV and NLINV. The output register 
holds the output constant between updates. 


Power 


The TDC1044 operates from two power supply voltages, 
+5.0V and —5.2V. The return for I¢c {the current 
drawn from the +5.0V supply) is Denp. The return for 
lee (the current drawn from the —5.2V supply) is AGnp.- 
All power and ground pins must be connected. 
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Reference 


~The TDC1044 converts analog signals in the range | 


Vap<Vin<Vpp into digital form. Vpp (the voltage 
applied to Rp at the bottom of the reference resistor 
chain) and Vat (the voltage applied to Ry at. the top of | 
the reference resistor chain) should be between +0.1V 
and —1.1V. Vat should be more positive than Vap 
within that range. The voltage applied across the 
reference resistor chain (VpT-Vap) must be between 
0.4V and 1.3V. The nominal voltages are VpT=0.00V 
and Vap=—1.00V. These voltages may be varied 
dynamically up to 10MHz. Due to slight variation in the 
reference currents with clock and input signals, RT and 
Rp should be low-impedance points. For circuits in which 
the reference is not varied, a bypass capacitor to ground 
is recommended. If the reference inputs are varied 
dynamically (as in an Automatic Gain Control circuit}, a 
low-impedance reference source is required. A reference 
middle, Ryy, is also provided; this may be used as an 
input to adjust the mid-scale point in order to improve 
integral linearity. This point may also be used as a tap to 
supply a mid-scale voltage to offset the analog input. If 
VRM |S used as an output, it must be connected to a 
high input impedance device which has small input 
current.. Noise at this point may adversely affect the 
performance of the device. 


Controls 


Two function contro! pins, NMINV and NLINV are 
provided. These controls are for DC (i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These pins are active LOW as signified by the prefix “N™ 
in the signal name. They may be tied to Vcc for a logic 
“1” and Denp for a logic “0.” 


Convert 


The TDC1044 requires a CONVert (CONV) signal. A 
sample is taken (the comparators are latched) within 
tsTg after a rising edge of CONV. The coded result is 
translated to the output latches on the next rising edge. 
The outputs hold the previous data a minimum time 
(ty) after the rising edge of the CONV signal. New 
data becomes valid after a maximum delay time, tp. 
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Analog Input 


The TDC1044 uses latching comparators which cause 
the input impedance to vary slightly with the signal level. 
For optimal performance, the source impedance of the 
driving circuit must be less than 25 Ohms. The input 
signal will not damage the device if it remains within 
the range of Ver to +0.5V. If the input signal is at a 
voltage between Vat and Vrp, the output will be a 
binary code between 0 and 15 inclusive. A signal 
outside this range will indicate either full-scale positive 
or full-scale negative, depending on whether the signal 
is off-scale in the positive or negative direction. 


Package Interconnections 


rt 


Outputs 


The outputs of the TDC1044 are ITL compatible, and 
capable of driving four low-power Schottky TTL (54/74 
LS} unit loads. The outputs hold the previous data a 
minimum time (tyg) after the rising edge of the CONV 
signal. Data becomes valid after a maximum delay time 
(tp) after the rising edge of CONV. For optimum per- 
formance, 2.2 kOhm pull-up resistors are recommended. 


No Connects 


Pin 3 of the TDC1044 ts labeled No Connect (NC}, and 
has no connection to the chip. Connect this pin to AGND 
for best noise performance. 


Signal Signal 
Type Name B9, N9 Package Pins 
Power | Vee | Positive Supply Voltage 10 
RegatveSuply Votose 
Denb Digital Ground 11 
AGnp Analog Ground 1 
Reference Reference Resistor Top | 4 
Reference Resistor Middle 8 
| RR Reference Resistor Bottom 5 
Controls NMINV Not Most Significant Bit INVert 9 
NLINV Not Least Significant Bit INVert 7 
Analog Input VIN Analog Signal Input OV to —1V 2 
Outputs a ae Most Significant Bit Output 12 
Pe ee 3 
Pe ee ee 14 
| Dg Least Significant Bit Output 15 
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Figure 1. Timing Diagram 
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Figure 2. Simplified Analog Input Equivalent Circuit 
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Figure 3. Digital Input Equivalent Circuit Figure 4. Output Circuits 
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TDC1044 TUG 
7 AXNVY 
Absolute maximum ratings (beyond which the device may be damaged) | 
Supply Voltages 
Vesey AIM ASU 40 DD py) asasscsevesnssetcuasttonainscenaadesnentaentpaelensncdeeseanececaduiele solace conan coanze eaiotgondtsgeldotanaedeallan ntavarstnenaniapasy ieee -0.5 to +7.0V 
Veep terveershirioed. 0 Paap gh acca egsh natant cae Snes anlage chee anevada eieeaadece guna aap che aceaaea eal hidlnd aaa shai sent +0.5 to -7.0V 
Acar (measured. to Oc pary) aseccrsasceccasSiaseteseaceareuacest eesti evant nt Lat ence spear ahe recat shaban ce eeagn haces atone eainag tienen one -0.5 to +0.5V 
Input Voltages 
CONV, NMINV, “NIINV Ameasured to (0 pepury) sais vscnsescisgyscsant Sta ahasactesttassnitelsneatoaseleaDieaatsabteeebongnedondeniandoveeleepantaSetaslacscteneneetekateay -0.5 to +5.5V 
Vins Ver Vor (measured tn Renn) sais faidigsbetd don tein tos abae aa asia e Se oan ea dus ae botea dus ae Sa wudden Sucends dacoebaduues oedducdwuavasecevadesateaccuedetendvecdscavieexe +0.5 to VerV 
Wear AMV@HSUNEC: OV caps cs sechevtenussecsst tne coos shard dasscupapnod seameanee cient te Tae escola daa surg oh cpsecatig Mee aceteecauameent ea -2.2 to +2.2V 
Output 
Applied: votteaye: riveaSen ed tO: 0) cia a) cccnseccvencacascintns canteen ists ts acosbenposasaiostesbcen darts alesiusshde hal qlask tenena east eiatumecdia i tashen SentinnchG -0.5 to +5.5V2 
Pinplied Ctr erik ORCC MAM AOU CAL cc pec gc Yt cals cee tusll suse baz ossicles acavds anes cacebecuan aac elope isctebet see ~1.0 to +6.0mA34 
Short circuit duration (single output in high state to Ground) nnn... sssssetesssssssseeesessessssssnecesssssssessssssssuecssssseeesssssssssensesssnseneeesssseccesssssessessannseessetss 1 sec 
Temperature 
Choe ta ied AUT ENV AE cdc cnss2Sovcssaac gests cuecav ess cosnel casved cawisSguN es cacuayp uandassteobca epi N Goon iatted es sara ree az canta ecivenaee eect bat en enacts -55 to +126°C 
UNIMPEDED sence Saeed n cease eaten dct oS eceandhieh vic asean task abcd se ea Ba cea Gee vcaeTaspwas eae ecto uta aa cae ce eaten eee + 150°C 
Gait << SONA FIINCH:: 51 De SEO TRUS) essex ssaza tas aceacoensztusaesses asc os esta eeseaobeov eure creeds evn decree aba beasts aad oeua meat oehateseed csp ota pranbana ted ucetaptnecten gee +300°C 
BO 0] [aap RRS RS eR TSO ne ee Te on ee RU ee Pee ne eRe -65 to +150°C 
Notes: 


Operating conditions 


Parameter 


Vcc 
VEE 
VAGND 


tPWL 
'PWH 
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1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as positive when flowing into the device. 


Temperature Range 


Extended 


Units 


= 
~~ 
oi 
on 
RO 
an 


Positive Supply Voltage (Measured to Denp) 


<= 


Negative Supply Voltage (Measured to Agnp) —5.2 es es —5.2 V 
Analog Ground Voltage (Measured to Deny) | 01 {00 {Ot aes V 
Ambient Temperature, Still Air a 2 re ae ie ar ae i “iG 
Case Temperature ae Se ae -55 ae 125 og 


107 


A 


TDC1044 aR 


Electrical characteristics within specified operating conditions | 


| : Temperature Range 
/ Standard Extended 


Parameter oF Test Conditions | Min | 
cc. Positive Supply Current Voc = MAX, static | . 


lee Negative Supply Current Veg = MAX, static | 


Units 


15 


Ty = O°C to 70°C mA 

mA 

Te = -55°C to 125°C mA 

Te = -126°C mA 

IREF Reference Current Vat, Yap = NOM mA 
Reece Total Reference Resistance Ohms 
Ri Input Equivalent Resistance Vet. Vag = NOM, Vin = Vpp kOhms 

Cin Input Capacitance 

Icp Input Constant Bias Current Veg = MAX 25 HA 

Me Input Current, Logic LOW Vec = MAX, V; = 0.5V CONV mA 

NMINV, NLINV mA 

hy Input Current, Logic HIGH Vec = MAX, Vj = 2.4V LA 


I Input Current, Max Input Voltage Vec = MAX, V; = 5.5V 


VoL Output Voltage, Logic LOW Vec = MIN, Ig, = MAX 
Vou Output Voltage, Logic HIGH Vec = MIN, Igy = MAX 


los Short Circuit Output Current Vec = MAX, One pin to ground, one second 
duration, Output HIGH. 


C Digital Input Capacitance Ty = 25°C, F = IMHz 


Note: 


NO 

an 
cs 

“T1 


: 


pF 


1. Worst case: all digital inputs and outputs LOW. 


Switching characteristics within specified operating conditions 


Temperature Range 


Parameter ; Test Conditions | | Min | Max | Min | Max Units 
Fe Maximum Conversion Rate Vec = MIN, Veg = MIN : = aa ie MSPS 
tsTg _ Sampling Time Offset Vcc = MIN, Veg = MIN ee ee 
tp Digital Output Delay = Voc = MIN, Veg = MIN, Load 1 ee eee: 
tuo Digital Output Hold Time Voc = MAX, Veg = MAX, Load? =f 65 | YB Tt 
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TDC1044 TrRiw 
| IAA i | 
System performance characteristics within specified operating conditions 
Temperature Range 
Extended 
Parameter Test Conditions | Min | Max | Min | Max | Units 
Ey Linearity Error Integral, Independent Vag = NOM aa ane i % 
Ei __Linweity Error Diferendal ae ee es ae 
Eot _Offset Error Top Vice Vay +00 |v 
Egg fet Err Baton vw > VRB a es 
Teg Offset Error Temperature Coefficient ae ae ar ae ae VIC 
Exp Aperture Ero Pls 
Output Coding Table | 
Offset Two's 
Complement 
Rage [ue seer truer 
-1,00V FS 
0 
0.000V 1000 0111 
-0.067V 1001 0110 
-0.133V 1010 0101 
-0.200V 1011 0100 
-0.267V 1100 0011 
-0.333V 1101 0010 
~0.400V 1110 0001 
-0.467V 1111 0000 
-0.533V 0000 1111 
-0.600V 0001 1110 
-0.667V 0010 1101 
-0.733V 0011 1100 
~0.800V 0100 1011 
-0.867V 0101 1010 
-0.933V 0110 1001 
-1.000V 0111 1000 
Note: 
1. Input voltages are at code centers. 
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Calibration _ 


To calibrate the TDC1044, adjust Vat and Vpp to set 
the 1st and 15th thresholds to the desired voltages. 
Assuming a OV to —1V desired range, continuously 
strobe the converter with —0.0033V (1/2 LSB from 
0.000V) on the analog input, and adjust VpT for output 
toggling between codes 0000 and 0001. Then apply 
—0.967V (1/2 LSB from —1.000V) and adjust Vap for 
toggling between codes 1110 and 1111. Instead of 
adjusting Vat, Ry can be connected to analog ground 
and the OV. end of the range calibrated with an amplifier 
offset control. Rp is a convenient point for gain 
adjustment that is not in the analog signal pall 


Typical Interface Circuit | 


The TDC1044 does not require a special input Butter 
amplifier to drive the analog input because of its low 
input capacitance. A terminated low-impedance 
transmission line (<<100 Ohms) connected to the Vij 
terminal of the device is sufficient if the input voltage 
levels match those of the A/D converter. 


However, many driver circuits lack sufficient offset 
control, drive current, or gain stability. The Typical 
Interface Circuit in Figure 5 shows a simple amplifier 
and voltage reference circuit that may be used with the 
device. U2 is a wide-band operational amplifier with a 
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gain factor of —1. A small value resistor, R12, serves to 
isolate the small input capacitance of the A/D converter 
from the amplifier output and insure frequency stability. 
The pulse and frequency response of the amplifier are 
optimized by variable capacitor C12. The reference 
voltage for the TDC1044 is generated by amplifier U3. 
System gain is adjusted by varying R9- which controls the 
reference voltage level to the A/D converter. 


Input voltage range and input impedance for the circuit 
are determined by resistors R1 and R2. Formulas for 
calculating values for these input resistors are: 


PS 
a | ele 
ZIN 1000 
and 
_ 7,, {1000 R1 
el. Cra, 


where VR is the input voltage range of the circuit, Zjjy Is 
the input impedance of the circuit, and the constant 
1000 comes from the value of R3. As shown, the circuit 


is set up for 1Vp-p 75 Ohm video input. 
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Figure 5. Typical Interface Circuit 
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Ordering Information 


Product Temperature Range Package Package 
Number Marking 


TDC1044B9C STD-Tp=0°C to 70°C Commercial 16 Pin DIP 1044B9C 
TDC1044B9V EXT—Te=—58°C to 125°C MIL-STD-883 16 Pin DIP 1044B9V 


TDC1044N9C STD-T,=0°C to 70°C 16 Pin Plastic DIP 1044N9C 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LS! Products Inc. against all damages. 
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TDC1046 


Monolithic Video A/D Converter 


6-Bit, 25Msps 
The TRW TDC1046 is a 25Msps (MegaSample Per e Sample-And-Hold Circuit Not Required 
second) full-paralle! (flash) analog-to-digital converter, e TTL Compatible 


Capauie OF Converting ai analog Sigial with Tuil-powe;r 
frequency components up to 12.5MHz into 6-bit digital 
words. Use of a sample-and-hold circuit is not necessary ° Selectable Output Format 

for operation of the TDC1046. All digital inputs and e Available In An 18 Pin CERDIP 


outputs are TTL compatible. e Low Cost 


e 25Msps Conversion Rate 


e Low Analog Input Capacitance 


The TDC1046 consists of 63 clocked latching compara- oiofivailable- Per Standard (Miltary DWN 


tors, encoding logic, and an output buffer register. A 
single convert signal controls the conversion operation. 


The unit can be connected to give either true or Applications 
inverted outputs in binary or offset two's complement e Low Cost Video Digitizing 
coding. e Medical Imaging 


Features e Data Acquisition 

e TV Special Effects 

e Video Simulators 

e Radar Data Conversion 


e §-Bit Resolution 
e 1/4 LSB Linearity 


Functional Block Diagram 
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Pin Assignments 


18 Pin CERDIP — B8 Package 


Functional Description 


General Information 


The TDC1046 has three functional sections: a comparator 
array, encoding logic, and output latches. The comparator 
array compares the input signal with 63 reference 
voltages to produce an N-of-63 code (sometimes referred 
to as a ‘thermometer’ code, as all the comparators 
referred to voltages more positive than the input signal 


will be off, and those referred to voltages more negative . 


than the input signal will be on). The encoding logic 
converts the N-of-63 code into binary or offset two's - 
complement coding, and can invert either output code. 
This coding function is controlled by DC signals on pins 
NMINV and NLINV. The output latch holds the output — 
constant between updates. 


Power 


The TDC1046 operates from two supply voltages, +5.0V » 


and —5.2V. The return for Ic¢c, the current drawn from 
the +5.0V supply, is Dep. The return for IEE, the 
current drawn from the —5.2V supply, is Agnp. All - 
power and ground pins must be connected. 


Reference 


The TDC1046 converts analog signals in the range 
VaBSVinSVpz into digital form. Vap (the voltage - 
applied to Rp at the bottom of the reference resistor ~ 
chain) and VpT (the voltage applied to R7 at the top of 
the reference resistor chain) should be between +0.1V 
and —1.1V. Vat should be more positive than Vpp 
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within that range. The voltage applied across the 
reference resistor chain (VRpT—Vpp) must be between 


~ Q.8V and 1.2V. The nominal voltages are Vay =O0.00V and 


VRB= —1.00V. These voltages may be varied dynamically 
up to 12:5MHz. Due to variation in the reference © 


currents with clock and input signals, RT and Rp should 


be low- impedance- to-ground points. For circuits in which 


_ the reference is not varied, a bypass capacitor to ground 


is recommended. If the reference inputs are exercised 
dynamically (as in an Automatic Gain Control circuit), a 


— low- npedaniee reference source is required. 


Controls. _— 


Two function control pins, NMINV and NLINV are 
provided. These controls are for DC (i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These pins are active LOW as signified by the prefix ‘’N”’ 
in the signal name. They may be tied to Vcc for a logic 
1" and Denp for a logic “0.” 


Convert 


The TDC1046 requires a CONVert (CONV) signal. A 
sample is taken (the comparators are latched) within 5ns 
(tsTQ) after a rising edge on the CONV pin. This time is 
tsTg, Sampling. Time Offset. The 63 to 6 encoding is 
performed on the falling edge of the CONV signal. The | 
coded result is transferred to the output latches on the 


next rising edge. The outputs hold the previous data a 
~~ minimum time (ty) after the rising ‘edge of the CONV 


signal. 


Analog Input 


The 1DC1046 uses strobed latching comparators which 
cause the input impedance to vary with the signal level, 
as comparator input transistors are cut-off or become 
active. For optimal performance, the source impedance of 
the driving circuit must be less than 50 Ohms. The input 


~ signal will not damage the TDC1046 if it remains within 
the range of Veg to +0.5V. If the input signal is at a 


voltage between Vpj and Vpp, the output will be a 


| binary number between:0 and 63 inclusive. A signal 


outside this range will indicate either full-scale positive 
or full-scale negative, depending on whether the signal is 


_off-scale in the positive or negative direction. 
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Outputs 


The outputs of the TDC1046 are TTL compatible, and 
capable of driving four low-power Schottky TTL (54/74 
LS) unit loads or the equivalent. The outputs hold the 
previous data a minimum time (tyg) after the rising edge 


of the CONV signal. Data is guaranteed to be valid 
after a maximum delay time (tp) after the rising edge of 
CONV. For optimum performance, 2.2 kOhm pull-up 
resistors are recommended. 


Package Interconnections 


Signal Signal 
Type Name Function B8 Package Pins 
Power Positive Supply Voltage 8, 10 
Negative Supply Voltage 
Denp Digital Ground 3, 16 
AGnD Analog Ground 17 
Reference Reference Resistor (Top) 2 
Reference Resistor (Bottom) 18 
Controls NMINV Not Most Significant Bit INVert 4 
NLINV Not Least Significant Bit INVert 11 
Analog Input Analog Signal Input OV to -—1V 1 
3 OOSOSOOTTCCCSS 
a 
fe ee i 
tt 3 
Output Coding Table ' 
Binary Two's Complement 
Range | Te | tweeted | Te Inverted 
NMINV=1 1 
15.8730mV Step NLINV = 1 0 
0.0000V 000000 111111 100000 011111 
—0.0159V 000001 111110 100001 011110 
e e 
e e 
e ® 
—0.4921V 011111 100000 111111 000000 
—0.5079V 100000 011111 000000 111111 
—0.5238V 100001 011110 000001 111110 
e e 
e ® 
e e 
—0.9841V 111110 000001 011110 100001 
— 1.0000V 111111 000000 011111 100000 
Note: 1. Voltages are code midpoints when calibrated (see Calibration section). 
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Figure 1. Timing Diagram 
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Figure 2. Simplified Analog Input Equivalent Circuit 
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Figure 4. Output Circuits 
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Absolute maximum ratings (beyond which the device will be damaged) | 


Supply voltages 


Moe Urmmeasstarendt: to: Desay seciastissecht cesta secant ee Betcha Such caches isaac fede hahah niveedhcaan -0.5 to +7.0V 
Ver (measured to Acnp! Sk a ial aah a ee heat hid a a ea aah a a ll cea kde Si ie Scene al deareet +0.5 to -7.0V 
Acno Eprmeeenstaren 100 DO) vssecectsnacavadaneivankadenadinesvasieh a astaaionsngapuatatalassbugnsint hana obec capstetaanandsesgendprcautanigsreiece tgnsevaepnvRt Rae -0.5 to +0.5V 


Input voltages 


CONV, NAMINV, NLINV ‘(rrveasuiread ‘ter Dp pypy) assissiasssscschascenssassstiveaicosaasinnscssennasoshiganehesenshavesansSooonsbvnsvinsvnttacadseevenstpiansClsaio ote dnbieestiye -0.5 to +5.5V 

Vines Vere: V par: (IMM eSHu tt AAG pt ess ccc census geal en ag nannies can asa coasnein dice deerdettpunepaendanmen ones +0.5 to Ver 

Vesy MIMI eAStnCee TOV apa) izes astast at 2st heron asiselvieep ainsi saad a dude oobi ebvnaionla uehanuedun glad danunbatetaei +1.2 to -1.2V 
Output 

Applied: voltage (measured: to: Diary): snsiesuctcsstacssstceateviserguntonnatontaeyssgeinsteeiynssotesnslueseeheeaavaatsbarectalyalasoeosesSetsdenoinisgcfoslateeituasenbase¥éded -0.5 to 5.5V2 

Applied current, externally forced ....cccocssssccsssscsssssssecsencesssccessssseseessecssssesesesssesvsssanssssecsesssessussssenessscounssesasestnnssssensniasesasesseneeteeen -1.0 to 6.0mA34 

Short circuit duration (single output in high state to Ground) ou... ecccssssssssssccsscsssesssesessoseccsusecssnscsssuscesssnsecsensecessssusessssusesssnecesnsesssecsssnseessnessssesss 1 sec 
Temperature 

OURO ARAN EG CAS tees tse dead ucozestcbed cash aga castes an acces ode ante cOetat encanta ccna nse eats seven caecatbvcciad coca tsa laneet nomena estes -55 to +125°C 

PROEUCE TUCO A oss czescsccesacensoccnccutetanisevaassuscusosuesscws tans cevespicecaesbatedawasasape stv vaesonsancast vast menses eases ue vdc stenosis ce nua tunceteoeveu catalan beh cavectueaaecsacnensba paceman aees + 175°C 

Lead, soldering (10 SeCOMCS) ..........sssssssssssssscssssssssssesssesesssssssssssssseesssssssssssssessessseesessesssess sss ealvdav dS gbastass tic riud us buc tsa va ENeeaass sean stcedd ste a SER TERE + 300°C 

SCONE sce cescsagancseva tacndsauchvecastccpevencs aa cansccva #258 anon aut causes esas gta ea cxps ase use bie aya eda vase Caveats casa Stas uns pews poda ecsasiatoewa une epee dayspvetaels -65 to +150°C 
Notes: | 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range. 
Forcing voltage must be limited to specified range. 
4. Current is specified as positive when flowing into the device. 


Operating conditions 


Temperature Range 


Vec Positive Supply Voltage (measured to Denp) | am | 50 | ts || V 
Vee Negev SupnlyVotage nessured to Aguny | 49 | a2 | as {| a9 | -s2 | -s5 | V 
VAGND Analog Ground Voltage (measured to Deyp) ee | Ot || V 
tpw,___CONY Pulse With (LOW ee ee ee eee eee 
tpwH CONV Pulse Width (HIGH) i 


Vit Input Voltage, Logic LOW Lo og | 
Vin Pt Voge, Loge HIGH EO OC 


iq.__Output Current, Lovie LOW a a ee ee ee 
oy tpt Curent, Loic HGH es OC 


Vat Most Positive Reference Input | par | oo fot | oo | ot | 


V 
Var-Tag Vtg tric Oe ee 


Ty__ Ambient Temperature, Sil ir po | fm» | | || 


1. Vaz must be more positive than Vpp, and voltage reference differential must be within specified range. 
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Aatuy 
Electrical characteristics within specified operating conditions 
Temperature Range , 
Standard Extended 
Parameter Test Conditions | Min | Max | Min | Max Units. 
Icc Positive Supply Current Vec = MAX, static | Pz ee mA 
lee Negative Supply Current Vee = MAX, static 
| Ty = 0°C to 70°C mA 
a CD 
Ty = ~86°C to 125°C ee ee ee 
__ Te = 13°C ee ee eee ee 
Ince Reference Current Vat. Vag = NOM Pe i mA 
Reef Total Reference Resistance Vat - Vpp = MAX tr ea ee Ohms 
Rij _ Input Equivalent Resistance Vet. Veg = NOM, Vin = Veg fa {J wf | kOhms 
Gynt Copacne SB 
Ica ‘Input Constant Bias Current Veg = MAX ar ae LA 
I, Input Current, Logic LOW Voc = MAX, Vj = 0.5V CONV FT O04 Tf -08 fom 
nwinv, NuNy | | 08 | | -08 | oma 
ly Input Current, Logic HIGH | Vee = MAX, Vy = 24 | ar ee 
|, Input Current, Max Input Voltage Vec = MAX, V; = 5.5V i 
Vo Output Voltage, Logic LOW Voc = MIN, Ig, = 2 mA | | [oo] | 05 | V 
VoH Output Voltage, Logic HIGH Voc = MIN, Igy = MAX | 24 [fe] 
log Short Circuit Output Current Vec = MAX, One pin to ground, . mA 
one second duration, output HIGH 
C Digital Input Capacitance Ty = 25°C, F = IMHz rs a pF 
Note: a ; ss Bray, a 7 | —_ 
1. Worst case, all digital inputs and outputs LOW. 
Switching characteristics within specified operating conditions | 
Temperature Range 
| } Standard Extended : 
Parameter Test Conditions | Min | Max | Min. | Max — Units 
Fo Maximum Conversion Rate Vec = MIN, Vee = MIN | fo | [ao | | MSPS 
tsTg Sampling Time Offset Vee = MIN, Veg = MIN {| 5 | | 0 [oo 
ip Output Day Vog = MIN Veg = MIN, Loe a 
tyo Output Hold Time Vec = MAX, Veg = MAX, Load 1 ae es eee ee: 


TDC1046 Witt 


System performance characteristics within specified operating conditions 


Temperature Range 


Parameter Test Conditions | Min | Max | Min | Max | Units 


Ey; Linearity Error Integral, Independent Vet, Van =Nom a % 


cS Code Sie Ver Vag =Nom Nominal A 


maw 


Es. = NFFEant DCeene Tan 
“UI witOGe bLiiul, up 


Vin= “Ri 1 wi A eb 
Eog Offset Error, Bottom Vin=Vep P| 30 J | 80 mV 
BW Bandwidth, Fal Power Ip es ce ee 


tTR Transient Response, Full-Scale ptt ns 
rc F< 
25Msps Conversion Rate 
Peak Signal/RMS Noise | IMHz Input 2 | | 
| 125MHz input | go | |g | 
RMS Signal/RMS Noise | IMHz Input | 88 | 88 | 
Presi | | | a] |e 


Calibration 


To calibrate the TDC1046, adjust Vay and Vpp to set Interface Circuit (Figure 5) shows a simple buffer 
the 1st and 63rd thresholds to the desired voltages. In amplifier and voltage reference circuit that may be used 
the Functional Block Diagram, note that Ry 's greater = with the TDC1046. U2 is a wide-band operational 


than R, ensuring calibration with a positive voltage on amplifier with a gain factor of —2. A small value 
Ry. Assuming a OV to —1V desired range, continuously resistor, R12, serves to help isolate the input capacitance 
strobe the converter with —0.0079V on the analog of the A/D converter trom the amplifier output and 


input, and adjust VpT for output toggling between codes insure frequency stability. The pulse and frequency 

00 and 01. Then apply —0.9921V and adjust Vpp for response of the buffer amplifier are optimized by variable 
toggling between codes 62 and 63. Instead of adjusting capacitor C12. 

Vat, RT can be connected to analog ground and the OV 

end of the range calibrated with a buffer offset control. | The reference voltage for the 1DC1046 is generated by 


Rp is a convenient point for gain adjust that is not in amplifier U3 and PNP transistor Q1 which supplies the 

the analog signal path. These techniques are employed reference current. System gain is adjusted by varying RY 

in Figure 9. which controls the reference voltage level to the A/D 
converter. 


Typical Interface Circuit 

Input voltage range and input impedance for the circuit 
are determined by resistors R1 and R2. Formulas for 
calculating values for these input resistors are: 


The TDC1046 does not require a special input buffer 
amplifier to drive the analog input because of its low 
analog input capacitance. A terminated low-impedance 


transmission line (<<100 Ohms) connected to the Vij 1 

terminals of the TDC1046 Is sufficient if the input ALS 

voltage levels match those of the A/D converter. ee tk. 
(on 1000 


However, many driver circuits lack sufficient offset 
control, drive current, or gain control. The Typical 
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Typical Interface Circuit (cont.) ~ where VR is the input voltage range of the circuit, Zip Is 
m2 : , the input impedance of the circuit, and the constant 
1000 Ri | 1000 comes from the value of R3. As shown, the circuit 
R2=ZinN - [| is set up for 1Vp-p 75 Ohm video input. 


and | 


Figure 5. Typical Interface Circuit 


+5V 


Li 
FERRITE BEAD 
INDUCTOR 

C12 


7 
FERRITE BEAD 
‘INDUCTOR 


-5.2V 


Standard Military Drawing | | the sole controlling document defining the SMD product. 


These devices are also available as products manufac- Standard Military | Nearest Equivalent _ a 
tured, tested, and screened in compliance with Standard Drawing TRW Product No. Package 
Military Drawings (SMDs). The nearest vendor equivalent — 5962-87786-01VA. 18 Pin CERDIP. 


product is shown below; however, the applicable SMD is 


Ordering Information 


Product Temperature Range Package | Package 
Number 7 | Marking 


TDC1046B8C STD —Ta=0°C to 70°C Commercial 18 Pin CERDIP 1046B8C 
TDC1046B8V EXT—Tep=—55°C to 125°C MIL-STD-883 18 Pin CERDIP | 1046B8V 


5962-87786-01VC EXT—Te=—55°C to 125°C Per Standard Military Drawing 18 Pin CERDIP ~ §962-87786-01VC 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Monolithic Video A/D Converter 
7-Bit, Z0Msps 


The TRW TDC1047 is a 20Msps (MegaSample Per Features 
second) full-parallel (flash) analog-to-digital converter, 


Ama S ink AAnmiinttinas Ae nAlanw nidnwal Vanek: fallonaiiiae bd 7-Bit Resolution 

LAVANIG UI! LUIIVGILUEY all aiiaiuy oIYtial VVICII bul uo! . . 

frequency components up to 7MHz into 7-bit digital 1/2 LSB Linearity 

words. A sample-and-hold circuit is not necessary. All e Sample-And-Hold Circuit Not Required 


digital inputs and outputs are TTL compatible. 20Msps Conversion Rate 
e Selectable Qutput Format 


The TDC1047 consists of 127 clocked latching compar- 
ators, combining logic, and an output buffer register. A © Available In 24 Pin CERDIP 
single convert signal controls the conversion operation. 


The unit can be connected to give either true or Applications 
inverted outputs in binary or offset two's complement © Low-Cost Video Digitizing 
coding. . 


Medical Imaging 

The TDC1047 is pin and function compatible with TRW's  ° WV Special Effects 
TDC1027, and offers increased performance with lower e Video Simulators 
power dissipation. Radar Data Conversion 


Functional Block Diagram 


NMINV 
NLINV 
CONV 
VIN 

Rr 


: 


“ 


fos 


127 T0 7 LATCH 
ENCODER 


on, 


4 


Ro 
: DIFFERENTIAL 
B COMPARATORS 
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AIX 


Pin Assignments 


Vin 1 24 Vin 
Ry 2 23 Rp 
Agno 3 22 AGND 
Denp 4 21 Den 
NMINV 5 20 CONV 
(MSB) D} 6 19 Dy (LSB) 
Do 7 18 Dg 
D3 8 17 Ds 
Dy 9 16 Vcc 
Vec 10 15 NLINV 
Ver 11 14 Ver 
Agno 12 13 AGND 


24 Pin CERDIP — B7 Package 


Functional Description 


General Information 


The TDC1047 has three functional sections: a comparator 
array, encoding logic, and output latches. The comparator 
array compares the input signal with 127 reference volt- 
ages to produce an N-of-127 code (sometimes referred 
to as a ‘thermometer’’ code, as all the comparators 
referred to voltages more positive than the input signal 
will be off, and those referred to voltages more negative 
than the input signal will be on). The encoding logic 
converts the N-of-127 code into binary or offset two's 
complement coding, and can invert either output code. 
This coding function is controlled by DC signals on pins 
NMINV and NLINV. The output latch holds the output 
constant between updates. 


Power 


The TDC1047 operates from two supply voltages, +5.0V 
and —9.2V. The return for I¢c, the current drawn from 
the +5.0V supply, is Denp. The return for lee, the 
current drawn from the —5.2V supply, is Acnp. All 
power and ground pins must be connected. 


Reference 


The TDC1047 converts analog signals in the range © 
VRB SVinSVpT into digital form. Vap (the voltage 
applied to the pin at the bottom of the reference resistor 
chain) and VpT (the voltage applied to the pin at the top 
of the reference resistor chain) should be between 
+0.1V and —1.1V. Va7 should be more positive than 
Vap within that range. The voltage applied across the — 
reference resistor chain (VpT-Vap) must be between 0.8V 
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and 1.2V. The nominal voltages are VpT=O0.00V and 
Vap=—1.00V. These voltages may be varied dynamically 
up to 7MHz. Due to variation in the reference currents 
with clock and input signals, Ry and Rp should be low- 
impedance-to-ground points. For circuits in which the 
reference is not varied, a bypass capacitor to ground is 
recommended. If the reference inputs are exercised 
dynamically as in an Automatic Gain Control (AGC) 
circuit, a low-impedance reference source is 
recommended. | 


Controls 


Two function control pins, NMINV and NLINV are 
provided. These controls are for DC (i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These pins are active LOW as signified by the prefix “N”’ 
in the signal name. They may be tied to Vcc for a logic 
“1 and Denp for a logic “0.” 


Convert 


The 1DC1047 requires a CONVert (CONV) signal. A 
sample is taken (the comparators are latched) within the 
Sampling Time Offset (tsTg) of a rising edge on the 
CONV pin. The 127 to 7 encoding is performed on the 
falling edge of the CONV signal. The coded result Is 
transferred to the output latches on the next rising edge. 
The outputs hold the previous data a minimum time 
(tg) after the rising edge of the CONV signal. This 
permits the previous conversion result to be acquired by 
external circuitry at that rising edge, |.e., data for sample 
N is acquired by the external circuitry while the 
TDC1047 is taking input sample N+ 2. 


Analog Input 


The TDC1047 uses strobed latching comparators which 
cause the input impedance to vary with the signal level, 
as comparator input transistors are cut-off or become 
active. For optimal performance, both Vjj\y pins must be 
used and the source impedance of the driving circuit 
must be less than 30 Ohms. The input signal will not 
damage the TDC1047 if it remains within the range of 
Ver to +0.5V. If the input signal is between the Vpt 
and Vpp references, the output will be a binary number 
between 0 and 127 inclusive. A signal outside this range 
will indicate either full-scale positive or full-scale 
negative, depending on whether the signal is off-scale in 
the positive or negative direction. 
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Outputs 


The outputs of the TDC1047 are TTL compatible, and previous data a minimum time (typ) after the rising edge 
capable of driving four low-power Schottky TTL (54/74 of the CONV signal. 
LS) unit loads or the equivalent. The outputs hold the 


Package Interconnections 


Signal Signal 
Type | Name B7 Package Pins 
Power Vec Positive Supply Voltage 10, 16 
Negative Supply Votage TL 
[Deno | Dial round aT 
AGnp Analog Ground 3, 12, 13, 22 
Reference Reference Resistor (Top) 0.00V 2 
| RR Reference Resistor (Bottom) —1.00V 23 
Controls NMINV Not Most Significant Bit INVert TTL 5 
NLINV Not Least Significant Bit INVert TTL 15 
Analog Input VIN Analog Signa! Input OV to -1V 1, 24 
Outputs a MSB Output TTL 6 
| 2 ae res, Cs) ee 7 
a GL 
ee Pees heres ee 9 
P05 —CS i 
OB ee Ne 18 
LSB Output TTL 19 
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Figure 1. Timing Diagram 


lS F . ame] oe 
Ss , 
SAMPLE 
SAMPLE - _ pate | ae | SAMPLE | 
N 


N+2 —_ 


ANALOG INPUT 


oF <a" i Vann 4 


vam or aE XXXXXX eh) 500000 EI 


tho — 
pe 


Figure 2. Simplified Analog Input Equivalent Circuit — 


VRB 


VEEA 


Ciy IS A NONLINEAR JUNCTION CAPACITANCE 


V 
= VEE Vag 'S A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Rp 


Figure 3. Digital Input Equivalent Circuit Figure 4. Output Circuits 


Vec Vec +Vcc 


15K 8102 


TO 
OUTPUT 
PIN 


INPUT —. lee 


OUTPUT 
‘Tange 1N3062 


OUTPUT EQUIVALENT u 
CIRCUIT LOAD 1 iz 


1. TEST LOAD FOR DELAY 
3 MEASUREMENTS 


124 TRW LSI Products Inc. 


Operating conditions 


Ambient Temperature, Still Air 
Case Temperature 


TDC1047 7rtry 
IA Ae i | 
Absolute maximum ratings (beyond which the device will be damaged)! 
Supply Voltages 
Vec (measured to Deno) ORNS STN EE Ae RE nee TOL ota SLE OMEN NCEE SRE TS PRT a ee en RRNA LAPP PPPOE See au SO OR ST TELE -0.5 to +7.0V 
Weep: (ervemestareed) 0 Ang) ccecissns snc c aise tas cas rca snel etek vnitn ina nial snnotat us tabanne italien +0.5 to -7.0V 
Agnyp (measured to Deny) -sssesssreccsssersessesssesnsesnssntesnsesesssteessestsensensnanresntenantseeusteerssesstenecatenesutenatesnernenastaeeseecstsnateseseaensest -0.5 to +0.5V 
input Voltages 
CONV, NMINV, NLINV (measured to Drag) .-csssssssssessssssesersseasestessissessstenasesareessesttnsetsetanenareesenssenaetarensentesseentenartnatenaeeaate -0.5 to +5.5V 
Vin Vat, Vp (measured to Acno) caititda lec eke tich cst arcliccs aaa cate tect asec ata aT a aa cis  otain tence tee an tes aes ie aan as +0.5 to Vee 
Wen nmi 00h: V pain) coisa sns cn eectasassnce clasts nceta lear sttcoaceast canon aliens ln cele lesa ilasbancoaesboe +22 to -2.2V 
Output 
Applied voltage (measured to Dap) .-nnwnsnnnnnnnnnnnnnunminnnnuennninnnnnnsununitintmnnnnnnninenntnnennnnnetinnnnntse -0.5 to 5.5V? 
Arpad Curveernt:, @xtermenlty: FOC COO 2c csccscccssscassassesisisnesssossesviccusussesesonasssieanssacodenssvachvorassacotvbeevoateaanasoucacsesosuussbdaosentn Oopsendulisnjasesaasosusebasccreereees ~1.0 to 6.0mA24 
Short circuit duration (single output in high state to ground) .................sccccccscsssssssssssssesseescccssnssecssssssseeeseceecesssussssusssnusstssesssnssssssssceeseceeesseensunesetseetseessetee 1 sec 
Temperature 
CIPT RUNG, RGR ects cecccmcat aah bcatanc essa esata ates cicatricial adbaastnbeseabenhe -§5 to + 125°C 
POSMCUWONY scene sacs neces ccucushdee testa hss tcacep aden sates essen bamese accueil cena eee cantare ac deca ecea ee sciatica tocarsadenaesgenetcatel +175°C 
Leaiaed:.“ senbebeorirnty:: (00D Seceetn ra eNd oases sinsstsy cca seecsvceccoiepbs canines cca vvesainasbecben pence cetscansiee bcs bscapsen ccna eases esd cobeabaaroushenaejanuenbonessianstosind +300°C 
SUT IG cesses accu eeu eycaabaae ees ttc cba p cea ee aah ee cl la Sia ical ia —65 to +150°C 
Notes: | 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as positive when flowing into the device. 


Temperature Range 


2 
E 
rm 
= 


ended 


Test Conditions Units 


Positive Supply Voltage (measured to Denn) 4.75 
Negative Supply Voltage (measured to Apyp) 
Analog Ground Voltage (measured to Dgxyp) 


CONV Pulse Width, LOW 
CONV Pulse Width, HIGH 


Input Voltage, Logic LOW 
Input Voltage, Logic HIGH 


Output Current, Logic LOW 
Output Current, Logic HIGH 


Most Positive Reference Input! — 
Most Negative Reference Input ' 
Voltage Reference Differential 
Input Voltage 


< 
) 
S 


a 
= 
pee 
=~ 
<= 


1. Vaz must be more positive than Vpp, and voltage reference differential must be within specified range. 
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Electrical characteristics within specified operating conditions 
| Temperature Range Ee | 7 
- _ Standard _ Extended 
Iec Positive Supply Current | Veg = Max, static | a mA 
leg Negative Supply Current Ver = Max, static | 
Ta = O°C to 70°C -170 mA 
A 
es 
es a 
Rin Input Equivalent Resistance Vet, Vag = Nom, Vin = Vap ee kOhms 
lop - Input Constant Bias Current Vee = Max re UA 
Nie Input Current, Logic LOW Vec = Max, Vj = 0.5V CONV ee ae ees mA 
7 NMINV, NUN =f | S08 || 08 mA 
liq Input Current, Logic HIGH Veg = Max, Vj = 24V 7 eee 
I Input Current, Max Input Voltage Vec = Max, Vj = 5.5V a a ee mA 
Vo, Out Votage, lic OW | Vop= Mm iy Mx EU) 
VoH Output Voltage, Logic HIGH Vec = Min, Igy = Max re ee V 
Ios Short Circuit Output Current Vec = Max, one pin to ground, mA 
one second duration. . 
i elie eaias T+ 0 P= TM | 6 | |o8 |e 
1. Worst case, all digital inputs and outputs LOW. 
Switching characteristics within specified operating conditions _ a 
Temperature Range 
_ a ____ Standard ~ Extended 
Parameter _Test Condtons [Min | Max [Min [Max | Unit 
< bition sccm Joa... =) | ee 
-igng__ Sig Tne Ofoet_—_ [Veg = Win Veg = Win a 
“ig Outpt Oaay | Vgg = in Vig = Min Coed 7 
o_O Ho Tne Ts 
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— Vec = Max, Veg = Max, Load 1 
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System performance characteristics within specified operating conditions 


Temperature Range 
Standard Extended 


Parameter Test Conditions | Max =| Min |) Max Units 

Ei Linearity Error Integral, Independent a ae % 

Eip Linearity Error Differential as a % 

CS Code Size Vat. Vag = Nom | mf | % Nominal 

VoT Offset Voltage Top Vin = Vet | +50 +50 | omvV Cu 
mV 


Vop Offset Voltage Bottom Vin = Vep 


Teg Temperature Coefficient 


BW Bandwidth, Full Power Input fo. 7 


trp Transient Response, Full Scale 


SNR _Signal- to—Noise Ratio 7MHz Bandwidth 
20MSPS Conversion Rate 


7Muz Input 
RMS SignallRMS Noise | 1MHz Input 
7MHz Input 37 


OP Differential Phase Error | Fo = 4x NTSC 
0G Differential Gain Error! Fo = 4x NTSC 


Note: 


RO 


+ 
oa; ao 


VIC 
MHz 


ns 


Peak Signal/RMS Noise 


Go 
~— 


NO 

f eS 
Qj. 
ive] 


nN 
tin 
= 


1. In excess of quantization. 


Offset Two's 
Complement 


Ft : 


Output Coding 


~1.0000V FS 


7.874mV STEP 0 
000 0.0000V 0000000 1101111 1000000 0111111 
001 -0.0078V 0000001 1111110 1000001 0111110 
e e e 
e e @ 
e ‘ e e 
063 -0.4960V 0111111 1000000 101111 0000000 
064 ~0.5039V 1000000 0111111 0000000 1111111 
e e e 
e e e 
e e 6 . e 
126 -1.9921V 1111110 0000001 0111110 1000001 
127 ~ 1,0000V 1711111 0000000 0111111 1000000 


1. Voltages are code midpoints when calibrated {see Calibration Section). 
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Calibration 


To calibrate the TDC1047, adjust Vay and Vpp to set the Ist 
and 12/th thresholds to the desired voltages in the block 
diagram. Note that Ry is greater than R, ensuring calibration — 
with a positive voltage on Ry. Assuming a OV to —1V desired 
range, continuously strobe the converter with —0.0038V on the 
analog input, and adjust Vay for output toggling between 


~ codes 00 and 01. Then apply =0.9961V and adjust Vag for 


toggling between codes 126 and 127. Instead of adjusting Vpr, 
Ry can be connected to analog ground and the OV end of the 
range calibrated with a buffer offset control. Rp is a 
convenient point for gain adjust that is not in the analog signal 
path. These techniques are employed in Figure 5. 


Figure 5. Typical Interface Circuit 


‘+5V 
VIDEO 
INPUT \% 
“OFFSET” 
RB 
ua “GAIN” MULTITURN POT 
C3 LM313 ‘ Ro. 2KQ 
Wu 4 REFERENCE MULTITURN POT 
25V V 2KQ 


+ 


C7 


O.1 uF 
50V i 


oq 2743001111 


L1 10, 16 
FAIR- RITE 


TOC1047 


12 
FAIR- RITE 
2743001111 


D, (LSB) 


NMINV 
NLINV 


CLK 
-§.2V 
Notes: 
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1000 R2 
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Ordering Information 


Product 


Package 
Number 


Marking 


STD—Ty =0°C to 70°C Commercial 24 Pin CERDIP 
EXT—Te = —55°C to 125°C MIL-STD-883 24 Pin CERDIP 


TDC1047B7C 
TDC1047B7V 


1047B7C 
1047B7V 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. Ine user Of IHW LSI Froducts Inc. components in lIfe Support applications assumes ali risk OT 
such use and indemnifies TRW LS! Products Inc. against all damages. 
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TDC1048 


Monolithic Video A/D Converter 
8-Bit, ZOMsps 


The TRW TDC1048 is a 20Msps (MegaSample Per 
Second) full-parallel (flash) analog-to-digital converter, 
capable of converting an analog signal with full-power 
frequency components up to 7MHz into 8-bit digital 
words. A sample-and-hold circuit is not necessary. Low 
power consumption eases thermal considerations, and 
board space is minimized with a 28 pin package. All 
digital inputs and outputs are TTL compatible. 


The TDC1048 consists of 255 clocked latching compar- 
ators, combining logic, and an output buffer register. A 
single convert signal controls the conversion operation. 
The unit can be connected to give either true or 
inverted outputs in binary or offset two's complement 
coding. 


Features 


e 8-Bit Resolution 
e 20Msps Conversion Rate 
e Sample-And-Hold Circuit Not Required 


Differential Phase 1 Degree 

Differantial Gain 7% 

1/2 LSB Linearity 

Guaranteed Monotonic 

TTL Compatible Outputs 

Selectable Data Format 

Available In 28 Pin Plastic DIP, CERDIP, Or LCC 
MIL-STD-883 Compliant Screening Available 
Available Per Standard Military Drawing 
Evaluation Board — TDC1048E1C 

Also Available As A Complete Hybrid — THC1068 


Applications 


Low-Cost Video Digitizing 
Radar Data Conversion 
Data Acquisition 

Medical Imaging 


Functional Block Diagram aw 
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TDC1048 tw 
| A INUY 
Pin Assignments 
Q a 
D,(MSB) 1 28 NMINV Sezzzezzzs 
Dy 2 27 Ry Be are 
Dy 4 25 AGnp 
Pend 5 24 Vin Rp 26 18 Ry 
Voc 6 23 Vin Ry 27 17 CONV 
Ver 7 22 Vin NMINV 28 16 Dg (LSB) 
Ver 8 21 Vy D,(MSB) 1 15 Dy 
Vee 9 20 Vin Dy 2 14 Dg 
Voc 10 19 Agnp D, 3 13 De 
Dend 11 18 Ry Dy 4 12 NLINV 
NLINV 12 17 CONV 
Ds 13 16 Dg (LSB) 
Dg 14 15 Dy “on ooer 
; 23H His 8 


28 Pin CERDIP — B6 Package 
28 Pin Plastic DIP — N6 Package 


28 Contact Chip Carrier — C3 Package 
28 Leaded Plastic Chip Carrier — R3 Package 


Functional Description 


General Information 


The TDC1048 has three functional sections: a comparator 
array, encoding logic, and output latches. The comparator 
array compares the input signal with 255 reference 
voltages to produce an N-of-255 code (sometimes 
referred to as a ‘thermometer’ code, as all the compar- 
ators below the signal will be on, and all those above 
the signal will be off). The encoding logic converts the 
N-of-255 code into binary or offset two's complement 
coding, and can invert either output code. This coding 
function is controlled by DC signals on pins NMINV and 
NLINV. The output latch holds the output constant 
between updates. 


Power 


The TDC1048 operates from two supply voltages, +5.0V 
and —9.2V. The return for I¢c, the current drawn from 
the +9.0V supply, is Denp. The return for IEF, the 
current drawn from the —95.2V supply, is AGnp. All 
power and ground pins must be connected. 


Reference 


The TDC1048 converts analog signals in the range 
VRB SVINSVpT into digital form. Vap (the voltage 
applied to the pin at the bottom of the reference resistor 
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chain) and Vpy (the voltage applied to the pin at the top 
of the reference resistor chain} should be between 
+0.1V and —2.1V. Vpt should be more positive than 
Vpap within that range. The voltage applied across the 
reference resistor chain (VRT-Vpp) must be between 1.8V 
and 2.2V. The nominal voltages are VaT=O.0V, 
Vap=—Z2.0V. 


A midpoint tap, Ry, allows the converter to be adjusted 
for optimum linearity, although adjustment is not neces- 
sary to meet the linearity specification. It can also be 
used to achieve a nonlinear transfer function. The circuit 
shown in Figure 5 will provide approximately 1/2 LSB 
adjustment of the linearity midpoint. The characteristic 
impedance seen at this node is approximately 2200, 
and should be driven from a low-impedance source. Note - 
that any load applied to this node will affect linearity, 
and noise introduced at this point will degrade the 
quantization process. 


Due to the variation in the reference currents with clock 
and input signals, Rt and Rp should be low-impedance- 
to-ground points. For circuits in which the reference Is 
not varied, a bypass capacitor to ground Is recom- 
mended. If the reference inputs are exercised dynami- 
cally, (as in an automatic gain control circuit), a low- 
impedance reference source is required. The reference 
voltages may be varied dynamically up to 5MHz. 
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Control 


Two function control pins, NMINV and NLINV are 
provided. These controls are for DC (i.e, steady state] 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These pins are active LOW, as signified by the prefix 
“N" in the signal name. They may be tied to Vec¢ for a 
logic “1° and Dann for a logic “0.” 


Convert 


The TDC1048 requires a convert (CONV) signal. A 
sample is taken (the comparators are latched) within 
15ns after a rising edge on the CONV pin. This time is 
tsTg, Sampling Time Offset. This delay varies by a few 
nanoseconds from part to part and as a function of 
temperature, but the short-term uncertainty (jitter) in 
sampling offset time is less than 100 picoseconds. The 
255 to 8 encoding is performed on the falling edge of 
the CONV signal. The coded result is transferred to the 
output latches on the next rising edge. Data is held valid 
at the output register for at least ty, Output Hold 
Time, after the rising edge of CONV. New data becomes 
valid after a Digital Output Delay, tp, time. This permits 
the previous conversion result to be acquired by external 
circuitry at that rising edge, |.e., data for sample N is 


Package Interconnections 


rtw 


acquired by the external circuitry while the TDC1048 is 
taking input sample N+ 2. 


Analog Input 


The TDC1048 uses strobed latching comparators which 
cause the input impedance to vary with the signal level, 
as comparator input transistors are cut-off or become 
active. As a result, for optimal performance, the source 
impedance of the driving device must be less than 250. 
The input signal will not damage the TDC1048 if it 
remains within the range of Veg to +0.5V. If the input 
signal is between the Va7T and Vpp references, the out- 
put will be a binary number between O and 255 
inclusive. A signal outside this range will indicate either 
full-scale positive or full-scale negative, depending on 
whether the signal is off-scale in the positive or negative 
direction. All five analog input pins must be connected 
together. 


Outputs 


The outputs of the TDC1048 are TTL compatible, capable 
of driving four low-power Schottky TTL (54/74 LS) unit 
loads or the equivalent. The outputs hold the previous 
data a minimum time (ty) after the rising edge of the 
CONVert signal. For optimum performance, 2.2 kQ pull- 
up resistors are recommended. | 


Signal Signal B6, N6, C3, R3 
Type Name Package Pins 
Power Positive Supply Voltage 6, 10 
Negative Supply Vote 7,83 
[Dena | __ Digital Groune 51 
AGND Analog Ground 19, 25 
Reference Reference Resistor (Top) 18 
| ORM Reference Resistor (Middle| — 0.996V 27 
| RR Reference Resistor (Bottom) 26 
Controls NMINV Not Most Significant Bit INVert 28 
NLINV Not Least Significant Bit INVert 12 
Analog Input Analog Signal Input OV to —2V 20, 21, 22, 23, 24 
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TDC1048 TR 


Package Interconnections (cont.) 


Type Name Package Pins 
py 7 
E 
P85 i 
7 E 


Figure 1. Timing Diagram 


_peot c oa on 
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Figure 2. Simplified Analog Input Equivalent Circuit 


VIN 


REFERENCE 


_ RESISTOR 
VEE CHAIN Ciy IS A NONLINEAR. JUNCTION CAPACITANCE 
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Figure 3. Convert Input Equivalent Circuit 


Ver ° eine - Voc 
Q 
810 
TO 
OUTPUT 
INPUT _-_— PIN 
OUTPUT AOpF 


LOAD 1 oe 
OUTPUT EQUIVALENT TEST LOAD FOR DELAY 
CIRCUIT MEASUREMENTS 


Output Coding Table 
Offset Two's Complement 


inverted 


—2.0000V FS —2.0480V FS 1 
7.8431mV Step 8.000mV Step 0 


Notes: i 


0.0000V 
—0.0078V 


—0.9961V 
— 1.0039V 
— 1.0118V 


— 1.9921V 
— 2.0000V 


0.0000V 
— 0.0080V 


— 1.0160V 
— 1.0240V 
— 1.0320V 


—2.0320V 
— 2.0400V 
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00000000 
00000001 


01111111 
10000000 
10000001 


11111110 
11411111 


11114111 
11111110 


10000000 
01111111 
01111110 


00000001 
00000000 


10000000 
10000001 


11171111 
00000000 
00000001 


01111110 
01111111 


Oivi1111 
01111110 


00000000 
11117111 
11111110 


10000001 
10000000 


NMINV and NLINV are to be considered DC controls. They may be tied to +5V for a logical ‘1° and tied to ground for a logical ‘0.’ 
2. Voltages are code midpoints when calibrated by the procedure given below. 
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aa vy 
Absolute maximum ratings (beyond which the device may be damaged)! _ 
- Supply Voltages nn ; : 

Vec hagas to Deol sista daeincs La Seas abate ay real ems Tian D2 patel Greco de elem hd a tat coe a an —0.5 to +7.0V 
Veg (measured to Aggy) vise Heo losipentebe rina Sacchi eacteaded Ben aca anae st doutenlt ees feta bate. +0.5 to —7.0V 
Agnp (measured to 0 etetetee seivleciatgisah inca ied voscaucaeiestasatln vb mesette sa eaaataneaantund vais artoiathy ease iegentunaaias i —0.5 to +0.5V 

‘Input Voltages | | 
| - CONV, NMINV, NLINV (measured to Deno) Ae tests Geary Bitrate kA ed eeiaes —0.5 to +5.5V 
Vine Vat: VRB (measured to AGnp) susie aes canted mans anced aril etgas hia cha conan Aang te encaaah cia Au osntae eva +0.5 to Ver 
VpT (measured to Vpp) ....... shite seseeeens seein te ated eulsgete uataestutante Seat wcaitctosab htta tee chastened Monat aeieeaae +2.2 to —2.2V 

- Output | 
| Applied voltage (measured to Dgnp) «------- uit insatongibinb cle t ebb eahabutaba cba shearanoedacgianseadsneamnitaan uaa mesa GaN —0.5 to +5.5V2 
Applied: chitrent,-externally COC] gscsseseersucstescesstissssatassasiepcvanvehaaneasesbecuovobotebtind avstantscnvessdbiasieseasuchaatoieistste —1.0 to +6.0mA 24 
Short circuit duration (single output in HIGH state to Ground) ou... cseesesssesseseesestsesstseesesesesssesstssscsessesssensessenesessen 1 Second 

Temperature 
GT ATHIG< GIIDIGAE: sicsncscarbantetcai cctscecsesateats cease canbe urtinzac rats in tvaka tetas totes Gcsheubchcdecseunesea tes aeeaaers ses mesial —55 to +125°C 
FINN EVEN is rovsta pacoéconsesanucasc ustadaessi duress‘ vpbaanes asc elasteaeaied Aivsteccicpoeutietly becuatichouyGusesewasbaesbuluaeeat eoraiseeamameaact Lennie + 175°C 
Lead, soldering (10 SOCOMAS) ........sssccsscsessecestsesesssesessessserseseen ee scsay of tu divshaneeheneecnetichaiuieiencaaneen ere ee ~ +300°C 
Storage odie. eee ree eee Oe na ere Sens en ee rene en nr ee ee —65 to +150°C 
Notes: 


1. Absolute maximum ratings are imiting ¥: values anplied individually while all other parelnelet are within spesigd operating conditions, 
Functional operation under any of these conditions is NOT: implied. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified ‘range. - 
4. Current is specified as positive when flowing into the device. 


Operating conditions © 
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Parameter 


Vec 
VEE 


~ VAGND 
TPWL 


tPWH 


iw : eC item itor] Wom |i Units 
Positive Supply Voltage | 4.75 | 50 | 525] 450) 50 | 550 V 
Negative Siply Vatoge Se a 
Analog Ground Voltage (Measured to Den) | Oo | 0 | +0.1 pO f 0 fF +Ot | V 
CONV Pulse Width, LOW ae as ee ee ee ee 
EE a i ee ee (eee ey ee 


Most Positive Reference Input ' | -o1 | oo | o1} -o1 | oo | +01 | V 
Most Negative Reference Input P=1a | =20_[=21 | 18 | -20 | ar] v 


Voltage Reference Differential | 1B] 20 | 22] 18 | 20 | 22, V 
Input Voltage Vep Lot VRT | Veg f | VRT V 
Ambient Temperature, Still Air ae eS ae ee ae E- 


. Vp7 Must be more positive than Vap, and voltage reference differential must be within specified range. 
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Electrical characteristics within specified operating conditions 


| Temperature Range 
| Standard | Extended 


Parameter Test Conditions | Min 


Icc Positive Supply Current Vec = Max, static ' Pf oe] | ao | mA 
IEE Negative Supply Current Ver = Max, static | | 
Ta =0°C to 70°C | — 260 mA 


Ta=7r — 185 mA 

Te= = 86°C to 125 Sc es 
IREF Reference Current Vat, Vap=Nom eo mA 
Rin Input Equivalent Resistance Vet, Vap=Nom, Vin=Vep jw | fof | kOhms 
Cin Input Capacitance Vet, Vap=Nom, Vin=Vap : 


IcB Input Constant Bias Current | Veep =Max 
WL Input Current, Logic LOW Veco = Max, V)=0.5V 
CONV 
NMINV, NLINV 
Wy Input Current, Logic HIGH Veco = Max, Vj=2.4V 
I Input Current, Max Input Voltage | Vec=Max, Vj=5.5V 


VoL Output Voltage, Logic LOW Vec=Min, Ig, =Max 
Vou Output Voltage, Logic HIGH Vec=Min, Igy =Max 2.4 
— 7 = 3 


TT 
nom 


200 


on 
an 
ro) 

= 
> 


el 
on S 
co) ron) ro) 

wo on 

on © S | on) 

an 
= 
> 


RO 
> 


las Short Circuit Output Current Vec=Max, Output HIGH, one pin to 0 

ground, one second duration max. 
C Digital Input Capacitance Ta = 25°C, F=1MHz | 1 pF 
Note: 1. Worst case, all digital inputs and outputs LOW. 


Switching characteristics within specified operating conditions 


Temperature Range | 
| Standard =| Extended 
Parameter Test Conditions Units 


Fo Maximum Conversion Rate Vec=Min, Ver =Min | a ff wo fo Msps 
: 


tstg Sampling Time Offset Vec=Min, Vee =Min Pt a ns 
tp _Digital Output Delay | Vcc=Min, Vep=Min, Load 1 | 30 [88 | ns 
to _ Digital Output Hold Time Vec=Max, Vep=Max, Load 1 a ee ae ae ns 
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To calibrate the TDC1048, adjust Vay and Vpp to set 
the 1st and 255th thresholds to the desired voltages. 
Note that Ry is greater than R, ensuring calibration with 
a positive voltage on Ry. Assuming a OV to —2V 
desired range, continuously strobe the converter with 
—0.0039V (1/2 LSB from OV) on the analog input, and 
adjust Vat for output toggling between codes 00 and 
01. Then apply —1.996V (1/2 LSB from —2V} and 
adjust Vpp for toggling between codes 62 and 63. 


The degree of required adjustment is indicated by the 
offset error, Egy and Eop. Offset errors are generated 
by the inherent parasitic resistance between the package 
pin and the actual resistor chain on the integrated 
circuit. These parasitic resistors are shown as Ry and R9 
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A EIN 
System performance characteristics within specified operating conditions 
| Temperature Range 
Standard Extended 
Parameter | Test Conditions = | Min | Max | Min | Max | Units 
Ej; Linearity Error Integral, Independent Vat, Vap=Nom Se ee? % 
Fup Lneariy Error Diferenia a CO 2 
CS Code Size ps fs 178% Nomina 
Egg _Dffset Error, Bottom | Yin=Yre as (ee oe ee BE 
Tco__Offset Error, Temperature Coefficient | tO 20 rc 
trm__Transint Response, FullScale | || TT os 
SNR Signal-to-Noise Ratio 20Msps Conversion Rate, 
10MHz Bandwidth — 
Peak-Signal/RMS Noise 1.248MHz Input | 64 | | 53 | | aB 
| 2.438MHz Input ps3 | of 2 | 
RMS Signal/RMS Noise 1.248MHz Input | 45 | lf 4a] YB 
Eap__ Aperture Error es ee 
DP Differential Phase Error Fo=4x NTSC ae a a ae Degree 
DG Differential Gain Error Fo =4 x NTSC ee ee 
NPR Noise Power Ratio DC to 8MHz White Noise 36.5 36.5 dB 
Bandwidth 4 Sigma Loading 
1.248MHz Slot 
20Msps Conversion Rate 
Calibration 


in the Functional Block Diagram. Calibration will cancel 
all offset voltages, eliminating offset and gain errors. 


The above method of calibration requires that both ends 
of the resistor chain, RT and Rp, are driven by buffered 
operational amplifiers. Instead of adjusting Vp7, RT can 
be connected to analog ground and the OV end of the 


range calibrated with a buffer offset control. The offset 


error at the bottom of the resistor chain results in a 
slight gain error, which can be compensated for by 
varying the voltage applied to Rp. The bottom reference 
iS a convenient point for gain adjust that is not in the 
analog signal path. These techniques are employed in 
Figure 6. 
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Typical Interface 


Figure 6 shows an example of a typical interface circuit can be adjusted to cancel the gain error introduced by 
for the TDC1048. The analog input amplifier is a bipolar —‘ the offset voltage, Egp, as discussed in the Calibration 
wideband operational amplifier, which is used to directly section. 

drive the A/D converter. Bipolar inputs may be 
accommodated by adjusting the offset control. TRW’s : : ee ; ee 
TDC4611 provides a stable reference for both the offset’ Figure 5. Typical Reference Midpoint Adjust Circuit 
and gain control. All five Vij) pins are connected close to : Ry 

the device package. and the buffer amolifier feedback 

loop should be closed at that point. The buffer has a Jb 
gain of minus two, increasing a 1Vp-p video input signal 

to the recommended 2Vp-p input for the A/D converter. 
Proper decoupling is recommended for all systems. 


The bottom reference voltage, Vap, is supplied by an 

inverting amplifier on the TDC4611, buffered with a PNP 
transistor. The transistor provides a low-impedance source 
and is necessary to sink the current flowing through the -2V 
reference resistor chain. The bottom reference voltage 


Figure 6. Typical Interface Circuit 


Vin TDC 1048 


Agno Dg (LSB) 


4) 


Denp 


; Ver Ver V 
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jay l TEP 
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a fu] 
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71 ia 
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Evaluation Board 


The TDC1048E1C is a Eurocard-style printed circuit board 
designed to optimize the performance of, and to aid in 
the evaluation of, the TDC1048 A/D converter. The board 
dimensions are 100mm x 160mm with a standard 64 pin 
double-row DIN male connector installed. A complemen-— 
tary 64 pin double-row DIN female connector is included 
with the board. The circuitry on the board includes — 
reference voltage generator, wideband video input ampli- 
fier, and TDC1048 8-bit A/D converter. 


The board employs only two conducting sides. Most of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog — 
I/O and clocks. The board is calibrated and tested at the 
factory. 


Power and Ground 


Two power supply voltages are required for the operation 
of the TDC1048E1C: Vec=+5V and VeF= —5.2V. All 
power inputs are decoupled to a solid ground planes, 
AGNp and Denp. For best performance, all Agnp ad 
DGNpD pins of the board are connected to power supply 
ground and all ground pins be should be used. 


Voltage Reference Generator 


The TDC1048E1C has a voltage reference generator 
circuit for driving the RB terminal of the TDC1048. With 
RT grounded, a variable —2V is supplied to RB from U3 
and Q1. The GAIN potentiometer provides +10% 
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adjustment range on the RB voltage. Diodes D1 through 
D4 act as clamps which protect the TDC1048 from 
power-on conditions that might violate absolute 
maximum ratings and damage the TDC1048. 


Video Input Amplifier 


The input amplifier of the TDC1048E1C, U2, has been 
designed to accept a +0.5V input range and translate 
that signal to the OV to —2V range of the TDC1048. 
The output of this amplifier can be monitored at the J2 
SMA connector which is connected to the Vjj\) terminals 
of the TDC1048 through a 4700 resistor. The OFFSET ~ 
potentiometer, R29, gives a +0.5V offset adjustment 
range to the board. 


A/D Converter Inputs 


The clock to the TDC1048, CONV, is normally brought — 
onto the board through the SMA connector labeled 
"CONV" It is also routed to the edge connector pin B15. 
The NMINV and NLINV inputs to the TDC1048 are 
pulled HIGH with resistors R14 and R15 and are routed 
to edge connector pins B13 and B6. 


The analog signal input to the TDC1048E1C is brought 
onto the board by way of the SMA connector labeled 
“AIN” near pin 28 of the TDC1048. A terminating 
resistor network, R1 and R2, Is included on the board for 
terminating analog input signal cable. The eight data 
outputs of the TDC1048 are brought to edge connector 
pins after registering data in U5. 
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TDC1048E1C Silkscreen Layout 
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| | pe mw 
TDC1048 prev 
TDC1048E1C Circuit Side Layout | ae os 
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° 
-TDC1048E1C Eurocard Edge Connector Pinout Mating Connectors for TDC1048E1C 
Agnp A32 B32 NC AMP 532507-2 | Wire-wrap 
pra oe a AMP 532507-1 Solder tail 
Agno A29 B29 NC - Robinson-Nugent  RNE-64BS-W-IG30 ==——- Wire-wrap 
At fo ae Robinson-Nugent RNE-64BS-S-TG30 Solder tail 
Agno A26 B26 NC Souriau 8609-264-6115-7550E1  Wire-wrap 
Ao Be GND Souriau 8609-264-6114-7550E1 Solder tail 
Acgnp A23 B23 NC -Souriau 8609-264-6813-7550E1 = Solder tail, 
AGND A22° B22 AGND a 7 --_-right-angle 
Agnp Aa2!1 B21 Ain bend 
Agnp A20 B20 NC 
NC A19 B19 NC 
Denp At18 B18 Vcc 
Denp At7. B17 DG6ND 
Denp Ai6 B16 DEnD 
Denp Ai15. B15 CONV 
Denp A114. B14 D8 LSB 
Denp Al13 B13. NMINV 
Denp Al2 B12 D; MSB 
Denp Atl Bll D2 
Deno At10 B10 DGND 
Denp AS” B9_ DG6ND 
Denp A’. BB D3 
Deno A? BJ Dq | 
Denp A6 B6  NLINV 
Denp AS. B5 Ds 
Denp A4 B4 Dg 
Denp A3 -B3 D7 
Dend A2 B2 OGNnD 
Denp Al B1 VEE 
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Figure 7. Schematic of Evaluation Board 
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Yec 
Voc Vec Vec 
g B12 
cr Den D, (MSB) 40 40 D, (MSB) 
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VIN 1581 
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VIDEO IN ( ?) . VIN 
821 moo \ RI? 231. "1 3 7 5 (88 
‘ : _ . 10 Se Hg a] C10 R21 IN D3 3D 30 D3 
IN sg 470 Va, ToctoaeJsc 
R2 nq 9.1 J2 5 IN 
: ee | Tyan [soe 7 
Acnp Dg 70 70 Dg 
U4 + C8 C13 R22 V 18 | 
RB 2K R18 R TALS 
10-TURN oT 20K 4 ec a a am 374 
“OFFSET” d, Ruy : 5 BS ; 
: 5 20 20 5 
B22, B25 bi 
AGNo Re ea 
19 


AIN - 
‘5 4 ‘ 8D 80 Ds 
TEST POINTS 
Dgnp 6 J 
Al - At8, B2 28 > BS 
BS, B10, B16, B17 ras 1k |_| NMINV D7 10 10 D, 
NLINV 
Dg (LSB) 5D Dg (LSB) 


0. om 
Vee Vee VEE conv 
Chee. 
Ver 2! z CONV 
B13 CLOCK 
NMINV 0 TP, . 
BG 25V OUTPUT 
NLINV CONTROL GND 
B15 1 10 
CONV 


Notes for Figure 7. Schematic of Evaluation Board 


All capacitor values are in microfarads (pF). 

All capacitor voltage ratings are 50WVDC unless otherwise noted. 
All resistors are 1/8W unless otherwise noted. 

All resistor values are in Ohms. 

All diodes are 1N4001. 


onrFPonN > 


Miscellaneous Evaluation Board Parts 


Eurocard Connector Winchester 64P-6033-0430 
DIN 41612B 2-Row 64-Contact 
Board Mount Male 


Eurocard Connector Winchester 64S-6033-0422-1 
DIN 41612B 2-Row 64-Contact 
Wire-Wrap Female 


J1-J3 SMA Coax Connector sealectro 50-651-0000-31 or 

(U2, J3 not included) Omni-Spectra 2062-0000-00 

L1, L2 Ferrite Bead Inductors Fair-Rite Products Corp. 
2743001112 
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Input Resistor Selection Table (Values in Ohms) 


Input Voltage Range 


50 0 24.3 40.2 4.99 
75 0 39.2 60.4 7.5 
93 0 48.7 75 9.31 
1k 0 1k 806 110 
For input voltage ranges and input impedances not and 
covered by the /nput Resistor Selection Table, the 1000 R2 
following formulas may be used to calculate R1 and R2: | Rl = Zin - R2 +1000 
1 | 
R2 = VR : where VR is the desired input voltage range of the 
iN + 1000 board, Zjj) is the desired input impedance of the board, 


and the constant value 1000 is given by the value of R3. 


Assembly for TDC1048E1C 


0.144 DIAMETER 
IN. FOUR PLACES 


Note: 


1. * not supplied. 
2. Dimensions in inches. 
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TDC1048 arty 
Ordering Information 


Product Temperature Range Package Package 
Number Marking 


5962-87600 01XC EXT— | EXT—Tp= 55°C to 125°C | EXT—Tp= 55°C to 125°C to 125°C Per } Per Standard Military Drawing | } Per Standard Military Drawing | Drawing 28 Pin | 28 Pin Ceramic DIP | | 28 Pin Ceramic DIP | 5962-87600 01XC 
TDC1048C3C STD—Ty =0°C to 70°C Commercial 28 Contact LCC 1048C3C 
TDC1048C3V EXT—Te = —55°C to 125°C MIL-STD-883 28 Contact LCC 1048C3V 
5962-87600 013A EXT—Te = —55°C to 125°C Per Standard Military Drawing 28 Contact LCC 5962-87600 013A 


TDC1048R3C STD —Ta =0°C to 70°C Commercial 28 Leaded PLCC 1048R3C Cy 


TDC1048B6C STD—T, =0°C to 70°C Commercial 28 Pin CERDIP 1048B6C 
TDC1048B6V EXT—Te = —55°C to 125°C MIL-STD-883 28 Pin CERDIP 1048B6V 


1048N6C 
TDC1048E1C 


TDC1048N6C 
TDC1048E1C 


STD-Ty=0°C to 70°C } 28 Pin Plastic DIP 


STD-T,=O0°C to 70°C ee nee Format Board 
with A/D Converter 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LS! Products inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LS! Products Inc. against all damages. 
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TDC1049 7, a 


High-Speed A/D Converter 
9-Bit, 30Msps 


The TDC1049 is a flash (full-parallel) analog-to-digital e Sample-And-Hold Circuit Not Required 
converter capable of converting analog signals with full- — ‘Differential Phase 0.5 Degrees 
power trequency comoonentc ua ta TR MZ noo ae 6 Diftelantial@an-7 0% 
words at rates up to 30Msps (Megasamples Per mee 
Second). A sample-and-hold circuit is not required. All : Overflow Flag 
digital inputs and outputs are differential ECL. e Single —5.2V Power Supply 
| | e Differential ECL Outputs 
Pee ee COS at oie aelC ng Compara e Available In A 64 Pin DIP, 68 Contact LCC And 68 Pin 


encoding logic and an output register. A differential 


é Ceramic Pin Grid Array 
convert signal controls the conversion operation. The 


outputs can be connected to give either true or inverted * Available Per Standard Military Drawing 
binary or offset twos complement formats. Sh pa 
Applications 
Features e Video Data Conversion 
e 30Msps Conversion Rate, 15MHz Analog Bandwidth e Radar Data Conversion 
e 9-Bit Resolution And Linearity e High-Speed Data Acquisition 


Functional Block Diagram 


CONV i 
CONV 


Vin 
Ry 
OFS , 
Rts Z 
pe OVF, OVF 
512 TO 9 Di 
ENCODER a 
=> i 
Ru 


DIFFERENTIAL 


Res COMPARATORS 
(512) 
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Pin Assignments 


ds 1 ( ; 64 Dg ds 1 

dD, 20 1] 63 Dg (LSB) Dg (LSB) 

dD, 31 1} 62 Dg (LSB) Dg (LSB) 

Ds 4 61 Deno Deno 

Ds 51 1 60 CONV CONV Bis aR 

bd; of 59 CONV CONV ae . ‘c 

ss D D ts 

5 te TS me CONV 63 41 Denp 
ee a Hse OFS oFs eae wens 

ne tof] ss R R GND oo 

F i T Dg (LSB) 66 38 Dy (MSB) 

Veen 1H oa ue Dg (LSB) 67 37 Dy (MsB) 

nc 13 [] 1} 52 Agnp Ano Dg 1 35 Bp 
Vega 141 : 51 AGND AGND 2 34 D3 

NC 15 Y 50 Vin Vin D7, 3 33 D3 

7 3 

NC 16 [J 149 Vy Vin Dg 4 32 Dy 
Vee, 17 1] 48 Ry Ru Dg 5 31 Dy 

nc 18] 147 Vy Vin Ds 6 30 NC 
Veen 19U H 46 Agno Agno D5 7 28 NC 

NC 20 [| L145 Agnp Agno NC 8 28 NC 

NC 21[] 1144 NC NC Agno 9, 27 Agno 
Veep 22 [ 43 Vy Vin 

NC 23 [J 1} 42 NC NC 

NC 241 i 41 Rp Rp 
Aanp 25 L] 40 Res Res 

NC 26[] 1139 Denp Deno 

NC 271] 1} 38 Denp Ognp 

Dy 28[ 1} 37 OVF OVF 

Dy 29U] ] 36 OVF OVF 

D3 30] 1} 35D, (MSB) D, (MSB) 

dD; 31L 1} 34 Dy (MSB) D,(MSB) 31U 

dD, 324 1} 33 Dy pd, 32] 


64 Pin DIP — JO Package 64 Pin DIP — J3 Package 


Pin Assignments 


68 Pin Ceramic Pin Grid Array, G8 Package 


Ce) (c) 11 
C)© ©© | 
‘Clo O© } 2 
O© O@ | 
©)©) BOTTOM VIEW ©)©) ] 7 
O© OO ]s 
()() ORIENTATION OE | 5 

EOIS) ©O@ | 4 
CO© OOO | 3 
QOOOOOOOOOO@O® | 2 

QOOOOOOOOC®@ st | 1 
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Functional Description 


General Information 


The TDC1049 has three functional sections: a comparator 
array, encoding logic and output register. The comparator 
array compares the input signal with 512 reference 
voltages to produce an N-of-512 code or ‘thermometer’ 
code. The comparators referenced to voltages less than 
the input signal will be on and those referenced to 
voltages greater than the input signal will be off. The 
encoding logic converts the N-of-512 code into 9-bit 
binary data. The output register holds the output 
between updates. 


Power 


For optimum performance, separate analog and digital 
power, VEFA and VeFp should be supplied to the 
TDC1049. Separate analog and digital:power supplies or 
a common supply with separate analog and digital paths 
and high-frequency decoupling can be used. The return 
path for the current drawn from Vega and Veep Is 
AGND and Denp. respectively. The returns AGnp and 
DGNp should also be kept separate and connected 
together at the power supply terminals. It is recom- 
mended that provisions be made on the printed circuit 
board for shorting jumpers between analog and digital 
ground as close to the A/D converter as possible. The 
installation of the jumpers depends upon the printed 
circuit board layout and overall system performance once 
the system is in operation. The voltage difference 
between VEEA and Verp must be less than +0.1V. The 
same voltage difference limit applies to the difference 
between Acnp and Denp. All power and ground inputs 
to the converter must be connected. 


Reference 


The TDC1049 converts analog signals in the range 
VAB<Vin<VpT into digital form. Vpp (the voltage 
applied to Rp) at the bottom of the reference resistor 
chain, and VpT (the voltage applied to RT) at the top of 
the reference resistor chain, should both be between 
+0.1V and —2.1V. Within that range, Vp7 must be 
more positive than Vpp. The linearity specification ts 
based upon a 2.0V difference between Vat and Vap. 
The nominal voltages are VpT=0.0V and Vap= —2.0V. 
To avoid damage to the converter, the voltage across 
VRT and Vag must not exceed 2.2V. A decoupling 
Capacitor is recommended between Rp and Agnp. Noise 
introduced at this point, as well as the other reference 
inputs (RT, Rts, Ray. Res, OFS), may result in encoding 
errors. 
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A midpoint tap, Rpy, allows the converter to be adjusted 
for optimum integral linearity. It can also be used to 
achieve a nonlinear transfer function, but adjustment of 
Riv is not required to meet 9-bit linearity. If this node Is 
driven by external circuitry, tt should be driven from a 
low-impedance source; If not used, it must be left open. 


Parasitic resistances, R1 and R2, introduce offset errors 
at the top and bottom: of the reference Jesistor chain. 
the effect of iho: stisat errors. Overflow sense hee 
may be used to reduce the effect of the offset at the 
overflow (most positive) comparator whenever the 
Overflow (OVF, OVF) flags are used. Sense points are not 
required for 9-bit linearity and, if not used, they must be 
left open. 


Convert 


The TDC1049 requires a differential ECL clock (CONV 
and CONV) signal. The conversion occurs (the 
comparators are latched) within. tsjg (Sampling Time 
Offset) of the rising edge of CONV. The 512 to 9 
encoding is performed on the falling edge of the CONV 
signal. The coded result is transferred to the output 
register on the next rising edge of CONV. Data for 
sample N is available at the output tp (Output Delay 
Time) after the rising edge of sample N+1. 


Analog Input 


The TDC1049 uses latching comparators which are 
connected to the analog inputs Vij. For optimal 
performance, the source impedance of the driver 
amplifier should be less than 25Q. The input signal will 
not damage the [DC1049 if it remains within the range 
of VecaA to +0.5V. If the input signal is between the 
Vat and Vap, the output will be a binary number 
between 0 and 511 inclusive. All five analog inputs must 
be connected. 


Outputs 


The outputs of the TDC1049 are differential ECL. The 
recommended pull-down resistance is 500Q to — 2V, 

or a 220/330 termination between Dgnp and VeEp. 
The OVF signal indicates that the analog input has 
exceeded the threshold of the most positive comparator. 
Data is held valid at the output register for at least 


tuo (Output Hold Time) after the rising edge of CONV. 


New data becomes valid tp after the rising edge of 
CONV. 
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No Connects 


There are several pins labeled NC (No Connect}. These 
pins are not connected internally and may be either left 
open or connected to analog ground to aid heat transfer 
from the package and to reduce electrical noise. 


Package Interconnections 


Signal 


Name Jo Package Pins | J3 Package Pins 


46,48,51 © 14,17, 19° 
1,22 
38, 39, 58, 61 


C1 Package Pins | G8 Package Pins 


—5.2V 14, 16, 18, 20, 21 B9, B7, BG, B5, B4 
—5.2V 


0.0V 


VEEA | Analog Supply Voltage 
VEED | Digital Supply Voltage 
Dc6nD | Digital Ground 


3,22 | A3, A10 
J2, J11, H10 


Ud 


4,7, 26,27 


l 
° Nlolo 
[ove } © [om } 
al Oe 
or oo 
ol 
= 


ag Spy Voge Tare 

| Digital Supply Voltage 

| Digital Ground = | 38, 39,5861 
AGNpD- | Analog Ground 0.0V 13, 14, 19, 20, 40,57 | 8, 25, 45, 46,51,52 | 9,27, 48, 49, 55, 57 B2, K4, L4, K8, L8, 
RTS 0.0 K10 
RE a 
RBS =2.0 40 SY KI 
RM =10v_ | 17 Ls 
Di MSB| Most Significant Bit_ sss] ECL «sT30,— st Cd BC(;SCSCid' 
Dj MSBI Most Significant Bit Complement | ECL_ |31_ HC CC*‘éd'&G 
BD fC C(t Cd 8 FI 
bo | i 
a eee Pe =e ee i ee __ |e 
bp fc sid 
is ea ane) ek: Se) eee (Cee Di 
7 hee a eee | a ee | eee 
Ds —-—___——_ a en eee eee 210 
Ds = Es 
DB ft 
Do | —“—i‘“iY ec 
a Sean (= 2e |) a F e | ceeen F” 
en a eee (18 |< ee! eee | eee (L. 
Ee en OO -(c Sd > a 
Dp fT i 
Dg LSB | Least Significant Bit —s—ss[| ECL O[2)— TC C‘d‘SZ: SC CO 
Dg LSB eh {3 Cd Cd TT 
OVE | Overflow Output | ELC TB Cd 


NC No Connect 11, 21, 23, 38, 39, 41, 
42,44, 45, 47, 49, 50, 


52, 53, 55, 56 


8, 10, 11, 12, 15, 17, 
19, 23, 24, 25, 26, 28, 
29, 30, 42, 45, 47, 51, 
56, 60 


B1, C2, C1, J1, L2, 
L3, L6, K7, C11, B10, 
A9, B8, A8, A7, AG, 
A5, B4, A4, A2 


9, 10, 12, 13, 15, 16, 
18, 20, 21, 23, 24, 
26, 27, 42, 44, 54 
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Output Coding Table | 


VIN Dy Dg 
MSB LSB 
+ 0.0039V | 000000000 
0.0000V 0 000000000 
— 0.0039V 0 000000001 
e@ e e 
e e  ) 
e e e 
— O.998UV U Ullttitti 
— 1.0020V 0 100000000 
— 1.0059V 0 100000001 
e e e 
e e e 
e e e 
— 1,9961V 0 111111110 
— 2.0000V 0 111111111 


Note: 1. Voltages are code midpoints. 


Figure 1. Timing Diagram 


ANALOG INPUT 
a 
-_ i tsTo 
ee 0000.0 GERAD A000 ERIN ESI 


tuo 
tp 


Figure 2. Simplified Analog Input Equivalent Circuits 


VIN 


R 
Vin IN 


VRB 


VEEA 


Nene : Ciy IS A NONLINEAR JUNCTION CAPACITANCE 
VEEA CHAIN Vag IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Rp 


VEEA 
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Figure 3. Digital Input Equivalent Circuit 


D O 
Deno sii 


CONV CONV 


VEED 


OUTPUT EQUIVALENT CIRCUIT 


OUTPUT 
PIN ar Tp 
Veep 50022 


LOAD 1 
TEST LOAD FOR DELAY ~2.0V 
MEASUREMENTS 
Figure 5. CONVert, CONVert Switching Levels 
0.0V 
= —_ TTT Oem MN 
Ne 
eg ee eer ee -1.3V 
‘XN 


‘\ ‘\ CONV 


\ a @ 
WireAa WAP ee a ees = CONV 
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Parameter 


VEED 

VEEA 
VAGND 
VeeA— VEED 


tPWL 
'PWH 


VICM 
VIDE 
VIN 


Le 


TDC1049 TWA 
7 AXNVY 
Absolute maximum ratings (beyond which the device may be damaged) | 
Supply Voltages 
Vie Rp clMCASUPed tO: Dil) seechncesaiaatseitanetescconsssaten esec nadia ted at esctacartds anes See eauhcaaatratuiweta emeapa genadettetnest +0.5 to —7.0V 
Vice as MAST OU: CO ASR) coseardec, anenicosnaveiscnsdatvadensethcSeepoundsgeanigecdayootenasnsinnt taalpaaianky sh dasvigiyeta et URUse cont inieebanvaditeeatvaet +0.5 to —7.0V 
XCinity AMVEAS UCM. LO? DNA) seccesssodactssieonsstcveneaed toda cvnussiieccocheamaseuaysagacvs steed tba sesh aca so croaneraeeen cesnndendsauptanaaeds lasts cee? +1.0 to —1.0V 
Were \MGASUTED: LO! Wier iy) tense censsisenacnnsosstssteteseetiaed cacteek tabasbonatas teeta rcSedldauds se uot ayaa tides angio tiaghtasaapoeioite ieee GA vats +0.5 to —0.5V 
Input Voltages 2 
CONV; CONV (me@a sured) COB) Gap) x svsninianiasiisassaseatacerehceniacasecoenvdshangran vhs ois sucoape aanntan nna devba spe atibansdie Smeg gendiiuennmmearets ae +0.5 to Ver 
Vine VB Te VAG: WiledStrGU- 10 AGA Df si cineasiencaoaenatesaacanease Muir on eet Raeiaasaanianionaanadumedegrmrranie 70.5 0G Vee 
Vp ISAS URC LO: Wg ay csc eserhgsalnenvnc home dadncbepotueco at began cand aes Pec as RUGS asap AAR) +2.5 to --2.5V 
Output 
Short-circuit duration (single output in HIGH state tO Ground) oo... ceesseeseeesesececseeeseeesestseesectiesssecsnenseesesssteeeeeeeeeeten Infinite 
Temperature 
CE FALIING CASE encarta detain’ ue ta idepucnctnstak eons ncaa ails actions AiG wea ave vee veaeo Aas Ia eA —60 to +140°C 
RUDUUG CUOUWS Sececsteisetivne eer ddefanals Gaede apices tiisor oc ms eee sveaieies cag esas uansceess teases wisi ainsi rosea aes + 175°C 
Lead: SOIMETiING:« (11,0: SECOMAS) se ciacsdvectceccss toda carnsocmaateet wash cada vaiaanias tas eve teas ua tavar iba caashaeviat oe atentia eee haan eee + 300°C 
SCG AE ers taces vie satanic sus scetaraeas dachsspse ast pst ance Sada seep aes tee aetna nee nesta cree neater ee —65 to +150°C 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 
2. Applied voltage must be current limited to specified range. 


Operating conditions 


Temperature Range 


Standard 
Win Wom [Wax [Win [Nom [Max | units 
Digital Supply Voltage (measured to Denp) Bene ee ees V 
Analog Supply Voltage (measured to Acnp) | -49 | -—52 | -55 | -49 | -5.2 | -55 | V 
Analog Ground Voltage (measured to Dgnp) | -01 | 00 | +01 ] -O1 | OO | +04 | V 
Subp oleae Uitetontal Se ee eee 
ON Pusey HG ee ee ee ee ee 
input Valage, Dferenti a a a (Ca 
Input Voltage Range VRB Lo VRT Vep ea Vat V 
Most Positive Reference Input ! | -o1 | 00 | o1 J -01 | 00 | +01 | V 
Most Negative Reference Input | | =19 | =20 [| =21 | —19 V 
Voltage Reference Differential | 18 [ 20 {22 | 18} 20 [22 | V 
Ambient Temperature, Still Air ee i ee ei ee eee ee °C 
Case Temperature a a ia —55 i 125 °C 
Vaz Must be more positive than Vpp, and voltage reference differential must be within specified range. 
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Tita 
PAA | | 
Electrical characteristics within specified operating conditions : a ee 
Temperature Range 
| Standard. Extended 
Parameter Test Conditions | Min | Max | Min | Max | Units 
lee Supply Current VEEp: VeeA = Max . 
Ta=0°C to 70°C - = 950 mA 
es es ee ee 
Toate ee | «|i *d CT 
Rper __ Total Reference Resistance ee ee 200 | 56 200 Ohms 
Rin Input Equivalent Resistance Vet, Vap=Nom, Vin=Vep el ee ee ee kOhms 
Cin Analog Input Capacitance Vat, Vap=Nom, Vij =Vpp en ie oe ee 160 pF 
ICB Input Constant Bias Current VEEA= Max, Vin =0V ee 750 pA 
I Input Current, CONV, CONV VeEp=Max, V)= —0.7V Pf 50 ff 180 pA 
Voy Output Voltage, Logic HIGH | VeEp=Nom | -095 | | =e ae V 
C Digital Input Capacitance Ty = 25°C, f= 1MHz ee a a oF . 
Note: 1. Test Load=5000 to —2V on each output. 
Switching characteristics within specified operating conditions 
Temperature Range | 
Standard Extended 
Parameter. | 7 Test Conditions. } Min | Max | Min | Max | Units 
Fe Maximum Conversion Rate Veep, Veea=Min | 30 | =f wo | | Msps 
Note: | | 
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1. Test Load=5000 to —2V on each output, C; gap =20pF. 
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System performance characteristics within specified operating conditions 


Temperature Range 
Standard Extended 


Parameter Test Conditions | Min | Max | Min | Max | Units 
Ei Linearity Error Integral, Independent | Vat, V~pgp=Nom a ae) % 
Var Vap=Nom, Vay Adusted] | 010) | 010] % 
Eip Linearity Error Differential Vat, Vap=Nom | ar % 
Q Code Size Vet, Vap=Nom 15 185 15 185 % Nominal Cu 
Egts Offset Error, Top Vin=Vp_t, Rts Connected | ft ae [| ee | mV 
Eor Offset Error, To ViN=Ver OB 
Eggs Offset Error, Bottom Vin=Vpp, Res Connected a ee ee ee 
Egg Offset Error, Bottom Vin=Vrp | | -30 Fe | -300 ]omv 
Too _Oiet Error, Temperature Goaficent [SCY SCid;S (| iY 
BW Bandwidth, Full Power Input +0.9dB Frequency Response ee MHz 
SNR Signal-to-Noise Ratio 30Msps Conversion Rate, 
10MHz Bandwidth 
Peak Signal/RMS Noise 1.25MHz Input | 57 | | 57 [| | aB 
5.0MHz Input ae ee: 
RMS Signal/RMS Noise 1.25MHz Input ee eee 
DP Differential Phase Error Fo=4x NTSC i ae a Degree 
DG Differential Gain Error Fo =4 x NTSC a es ee % 


Typical Performance Curves 


A. Power Supply Current vs. Temperature B. SNR vs. Analog Input Frequency 
60 
—450 
= -500 gs” 
ae co 
550 = 
c _ 600 PA 
o —) 
>- - 650 = 30 
ru ” 
S700 = s 
oc - 750 z 
= =) 
© -800 “” 
2 10 
850 = 


0 
=55° ~25° 0° 25° 50° 75° 100° = 125° 1.248 2438358 5 6 7 8 9 10 11 12 13 14 15 
CASE TEMPERATURE (°C) ANALOG INPUT FREQUENCY (MHz) 
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~ Evaluation Board 


The TDC1049E1C1 is a Eurocard-style printed circuit 
board designed to optimize the performance of, and to 
aid in the evaluation of, the TDC1049 A/D converter. The 
board dimensions are 100mm x 160mm with a standard 
64 pin double-row DIN male connector installed. A 
complementary 64 pin double-row DIN female connector 
is included with the board. The circuitry on the board 
includes reference voltage generator, wideband video 
input amplifier, AC-coupled differential clock generators. 
for the A/D converter and output register, and a 
TDC1112 12-bit D/A converter which may be used in 
evaluating certain parameters of the 1DC1049. 


The board employs only two conducting sides. Most. of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
I/O and clocks. The board is calibrated and tested at the 
factory and Is supplied complete with TDC1049 and 
TDC1112 installed. 


The TDC1049E1C1 Is based upon the TDC1049G8C 
integrated circuit packaged in a 68 pin ceramic pin grid 
array style package. It supersedes the TDC1049E1C 
which Is based upon the TDC104806 64 pin DIP 
package. 


Power and Ground 


Four power supply voltages are required for the opera- 
tion of the TDC1049E1C: Veg = +5V, Ver=—5.2V, 
V+=+4+15V and V— =—.15V. All power inputs are 
decoupled to a single solid ground plane, GND. All GND 
pins of the board are connected to the ground plane and 
it Is recommended that all GND pins be used. 


Voltage Reference Generator 


The TDC1049E1C1 has two voltage reference generator 
circuits for driving the RT and RB terminal of the 
TDC1049. The RT generator, U5D-Q1, drive the RT 
terminal to 0.0V. A variable —2V is supplied to RB from 
U5C and Q2. The GAIN potentiometer provides + 10% 
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adjustment range on the RB voltage. Diodes D3 through 


D10 act as clamps which protect the TDC1049 from 
power-on conditions that might violate absolute 


maximum ratings and damage the TDC1049. 


~ Video Input Amplifier 


The input amplifier of the TDC1049E1C, U4, has been 
designed to accept a +0.5V input range and translate 
that signal to the OV to —2V range of the 1DC1049. 


The output of this amplifier can be monitored at the 
~AQUT SMA connector which is connected to the Vix 


terminals of the TDC1049 through a 4700 resistor. The 
OFFSET potentiometer, R27, gives a +0.5V offset 
adjustment range to the board. 


A/D Converter Inputs 


The clock to the TDC1049, CONV, Is normally brought 
onto the board through the SMA connector labeled 
“CONV” By installing jumper J1, this signal is routed 
through the edge connector pin B2. A terminating 
resistor, R41 Is installed on the board for terminating a 
50Q clock signal cable. The clock generator accept 
virtually any waveform and provides differential ECL 
signals to the TDC1049. The duty-cycle of the TDC1049 
clock may be adjusted by installing the 2 kQ “PW” 
potentiometer, R42. 


The analog signal input to the TDC1049E1C1 is brought. 
onto the board by way of the SMA connector labeled 
“Ain. A terminating resistor, R17, is included on the 


board for terminating a 50Q analog input signal cable. 


A/D Converter Data Outputs and D/A Converter 
Data Inputs 


The nine data outputs of the TDC1049 (after registers 
U2 and U3) are brought to edge connector pins B3 
through B11. These pins are located directly across the 
edge connector from the corresponding data inputs of - 
the TDC1112 D/A converter to simplify connection of A/D 
outputs to D/A inputs. 
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D/A Converter Inputs pins B27 and B26. Load resistors of 51.10 are provided 
The clock to the TDC1112, CLK, is normally brought a board to facilitate 500 cable connection to the 


onto the board through an SMA connector labeled 
“CLK” near pin 16 of the TDC1112. The clock input to 
the TDC1112 is also brought to the edge connector pin 
B24. Resistors, R7 and R8, provide a Thevenin equivalent 
130Q termination for the CONV signal. R5 and R6 bias 
the CONV input to the TDC1112 near the ECL threshold 
level. 


Potentiometer R11 is used to adjust the reference voltage 
to the TDC1112. This voltage is adjusted to —1.0V as 
part of the factory test and calibration procedure. 


Placing a jumper in the location labeled ‘FT’ will put 
the TDC1112 into feedthrough (unclocked) mode. This 
eliminates the requirement for a D/A clock signal, but 
will degrade the fidelity of the TDC1112 reconstruction. 


D/A converter outputs are brought to SMA connectors 
labeled OQUT+ and OUT— as well as edge connector 


TDC1049E1C Silkscreen Layout 
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TDC1049E1C Component Side Layout 
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TDC1049E1C Eurocard Edge Connector Pinout 


GND A32 B32 Vcc (+5V) 
GND A31 B31 NC 
GND A30 B30 V- (-15V) 
GND A29 B29 NC 
GND A28 B28 V+ (+15V) 
GND A27 B27 D/A OUT- 
GND A26 B26 D/A OUT+ 
GND A25 B25 NC 
GND A24 B24 D/A CONV 
GND A23 B23 D/A CONV 
GND A22 B22 NC 
GND A21 B21 GND 
GND A20 B20 NC 
GND A19 B19 Veg (-5.2V) 
GND A18 B18 NC 
GND At? B17 GND 
GND A16 B16 NC 
GND A15 B15 NC 
GND At4 B14 Veg (-5.2V) 
GND A13 B13 NC 
GND A12 B12 NC 
D/A Dy MSB Alt B11 A/D Dy MSB 
NCD/A D2 A10 B10 A/D Do 
D/A D3 AS BS AID D3 
D/A D4 AS B8 A/D Dg 
D/A Ds A7 B7 AID Ds 
DIA Dg AG B6 A/D Dg 
D/A D7 A5 B5 AID D7 
D/A Dg A4 B4 AID Dg 
D/A Dg LSB A3 B3 A/D Dg LSB 
AID CONV A2 B2 A/D CONV 
GND At B1 GND 


Mating Connectors for TDC1049E1C 


AMP 532507-2 Wire-wrap 
AMP 532507-1 Solder tail 
Robinson-Nugent RNE-64BS-W-IG30 Wire-wrap 
Robinson-Nugent RNE-64BS-S-IG30 Solder tail 
Souriau 8609-264-6115-7550E1 Wire-wrap 
Souriau 8609-264-6114-7550E1 Solder tail 
Souriau 8609-264-6813-7550E1 ~ Solder tail, 
right-angle 
bend 
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Figure 6. TDC1049E1C A/D Converter Schematic Diagram 
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Ai, A14, A17, A19, A23-A32, 
B1, B17, Bz u 


B14>————> - 5 (TDC1059 Ver, ONLY) 
FT 


[ aa Pg _ BI9>———-> -5 


4.75K 


Agno cn 17 
\J 
B11 An G 
RIG 
B10 125 
R17 
B9 83 
\/ 
B8 
B7 
: TDC1112 B30 
B24 
\/ 
R26 
0 
B23 
R27 
2K 
OFFSET i 
R28 
300 
LT1004CH 
TP4 
~15 
R34 
Ww 1.5K 


. a: 01 4 
~15 B14 


Be 5 
R42 
TBD 
CONV 
C40 
R41 1 
102 


D3-D10 = 1N4148 


160 TRW LSI Products Inc. 


TDC1049 rrccrd 


470 B2, K4, L4, 


ut KB, L8, B11 J2, J11, H10 
D3 3, KS, 
K6, L7, K3 
R19 pet TP9 
100 = 
v 3 
U2 
10H176 Bit 
‘i ul 
Bl EEA = TDC1049 
B10 
B9 
BB 
B7 
Dé 
BE 
R31 ee 
U3 
BS 
R33 L10 F 
R70 7 
i L5 fee = 
C38 BA 
1 R61 
a 1 332 
KI 
ce : 
c39 
a TS ag cn ere 
L o R54 «R56 C45 
221.221 1 a 
R58 R59 
1 ~ 42 332 221 
\/ 
TPB Bes 


TRW LSI Products Inc. 161 


TDC1049 — 


Standard Military Drawing 
Nearest Equivalent | . 
TRW Product No. 


TDC1049C1V 


Standard Military 
Drawing 


These devices are also available as products manufac- 

tured, tested, and screened in compliance with Standard 
Military Drawings (SMDs). The nearest vendor equivalent 
product is shown below; however, the applicable SMD is 
the sole controlling document defining the SMD product. 


Package 


5962-88532-01XC 
5962-88532-01YC 
5962-88532-01ZA 


64 Pin Ceramic DIP 
64 Pin Ceramic DIP 
68 Contact Chip Carrier 


Ordering Information 


Product Temperature Range Package Package 
Number | Marking 


TDCI049J00 STD—-T,j=0°C to 70°C Commercial 64 Pin Ceramic DIP 1049J0C 
TDC1049J0V EXT-Te= —55°C to 125°C | MIL-STD-883 64 Pin Ceramic DIP 1049J0V 
5962-88532 01XC EXT—Te=—55°C to 125°C + | Per Standard Military Drawing | 64 Pin Ceramic DIP 5962-88532 01XC 
TDC1049C1C STD—T,=0°C to 70°C Commercial -_ 68 Contact Ceramic LCC | 1049C1C 
TDC1049C1V EXT—Te=—55°C to 125°C | MIL-STD-883 __ 68 Contact Ceramic LCC 1049C1V 


5962-88532 01ZA EXT—Te=—55°C to 125°C | Per Standard Military Drawing | 68 Contact Ceramic LCC 5962-88532 01ZA 


— TDC1049G8C STD—T,=0°C to 70°C Commercial 68 Pin Ceramic PGA 1049G8C 
TDC104968V EXT-Te=—55°C to 125°C | MIL-STD-883 68 Pin Ceramic PGA 104968V 
TDCIO49EIC STD-Ta=0°C to 70°C =| = == ~— |, Eurocard PC Board TDCIO49EIC 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. . 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Monolithic Video A/D Converter 
8-Bit, ZOMsps, Low Power 


The TRW TDC1058 Is a flash analog-to-digital converter 
capable of convertina a video-speed sianal into a stream 
of 8-bit digital words at 20Msps (MegaSamples Per 
Second}. Since the TDC1058 is a flash converter, a 
sample-and-hold circuit is not required. 


The TDC1058 consists of 255 clocked latching compar- 
ators, combining logic, and an output register. A single 
convert clock controls the conversion operation. The unit 
can be configured to give either true or inverted outputs 
in binary or offset two's complement coding. All digital 
I/O is TTL compatible. 


Features 


e 8-Bit Resolution 

e DC To 20Msps Conversion Rate 

e 7MHz Full-Power Bandwidth 

e 60MHz Small Signal —3dB Bandwidth 
e 1/2 LSB Linearity 

600mW Power Dissipation 


e +5V Single Supply Operation 

@ !anact Cact 

e Pin Compatible With CXA1096P, ADC-304 
e Sample-And-Hold Circuit Not Required 

e Analog Input Range +3V To +5V 

e Differential Phase 0.5° 

e Differential Gain 1% 

e Selectable Data Format 

e Available In Plastic DIP CERDIP And PLCC 


Gu 


Applications 


Digital Television 

PC-Based Data Acquisition 

e Video Digitizing 

e Medical Imaging 

e High Energy Physics 

Low Cost, Low Power, High-Speed Data Conversion 


Pin Assignments 


D,(MSB) 1 28 NMINV 
Dy 2 a7 Ry 
D, 3 26 Rp 
D, 4 25 Voca 
Veep § 23 Vin 
Acnp 7 22 NC 
Agno 8 21 Vin 
Acnn 9 20 NC 
Veep 10 19 Voca 
Denp 11 18 Rr 
NLINV 12 17 CONV 
Ds 13 16 Dg (LSB) 
Dg 14 15 Dy 
21209A 


28 Pin CERDIP — B6 Package 
28 Pin Plastic DIP — N6 Package 


21210A 


28 Leaded Plastic Chip Carrier — R3 Package 
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Functional Block Diagram 
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Functional Description 


General Information 


The TDC1058 has three functional sections: a compar- 
ator array, encoding logic, and output registers. The 
comparator array compares the input signal with 255 
reference voltages to produce an N-of-255 code (or 
thermometer code, since all the comparators whose 
reference is more negative than the input signal will be 
on, and all those whose reference Is more positive will 
be off}. The encoding logic converts the N-of-255 code 
into the user's choice of coding. The output register 

~ holds the output constant between updates. 
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Power 


The TDC1058 operates from a single supply voltage: 
+5,0V. All power and ground pins must be connected. 


Reference 


The TDC1058 converts analog signals in the range 
VRB < VIN < VpT into digital form. Nominally, Vpp is 
set to 3V and VpT is set to 5V. However, the specifi- 
cations of the TDC1058 are guaranteed as long as the 
following three reference operating conditions are met: 
1.) the voltage applied across the reference resistor 
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Reference (cont.) 


chain (VaqT-Vap) is within the range of 1.8 to 2.2V, 2] 
VaT S (Veca+0.1V) and 3.) Vap 2 2.65V. Therefore, if 
the supply voltage is expected to drop below 4.9V, the 
reference voltages should be lowered accordingly. For 
instance, if the system design allows the supply voltage 
to drop to the minimum recommended value of 4.75V, 
Vaz should be set to 4.65V and Vpp should be set to 
265V These reference voltages will allow the TNC1N58 
to give fully guaranteed performance over the full supply 
voltage range. See the Operating Conditions Table for 
further information. 


Linearity Is guaranteed with no adjustment; however, a 
midpoint tap, Ryy, allows for the optional trimming of 
converter integral linearity as well as the creation of a 
nonlinear transfer function. This is explained in the 
Application Note TP-19 ‘Non-Linear A/D Conversion: 
The circuit shown in Figure 7 will provide approximately 
a 1/2 LSB adjustment of the linearity at midscale. The 
characteristic impedance seen at this node is approxi- 
mately 220 Ohms and should be driven from a low- 
impedance source. Note that any load applied to this 
node will affect linearity and any noise introduced at this 
point will degrade the overall SNR. Due to the slight 
variation in the reference current with clock and input 
signals, RT and Rp should be low-impedance-to- 

ground points. For circuits in which the reference is not 
varied, a bypass capacitor (0.01 to 0.1uF) to ground is 
recommended. If the reference inputs are exercised 
dynamically (as in an automatic gain control circuit) a 
low-impedance reference source Is required. The 
reference voltages may be varied dynamically at up to 
5MHz; however, device performance Is specified with 
fixed reference voltages as defined in the Operating 
Conditions Table. 


Analog Input 


For precise quantization, the TDC1058 uses latching 
comparators. The source impedance of the driving circuit 
must be less than 25 Ohms, for optimum overall system 
performance. If the input signal is between the VpT and 
Vap references, the output will be a binary number from 
0 to 255. When a signal outside the recommended input 
voltage range (Vpp to VAT} Is applied, the output will 
remain at either full-scale value. The input signal will not 
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damage the TDC1058 if it remains within the range 
specified in the Absolute Maximum Ratings Table. 
Both analog input pins are connected together internally 
and therefore either one or both may be used. 


Convert 


The TDC1058 requires an external convert (CONV) signal. 
require a track-and-hold circuit. A sample is taken (the 
outputs of the comparators are latched) within tstg 
(Sampling Time Offset) after a rising edge on the CONV 
pin. The result is encoded on the falling edge, and then 
transferred to the output registers on the next rising 
edge. The output becomes valid tp (Output Delay Time) 
after the rising edge of CONVert and remains valid for at 
least tyg (Output Hold Time) after the rising edge of 
CONVert. Therefore, the value of sample N becomes 
valid tp after the rising edge of clock N+1 and remains 
valid until tyg after the rising edge of clock N+2. (See 
Figure 1, Timing Diagram, 


Output Format Control 


Two output format control pins, NMINV and NLINV, are 
provided. These controls are for DC (i.e., steady state} 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These pins are active LOW, as signified by the N prefix 
in the signal name. They may be tied to Vcc (through a 
4.7 kOhm resistor) for a logic HIGH or Denp for a logic 
LOW. 


Outputs 


The outputs of the TDC1058 are TTL compatible and 
capable of driving four low-power Schottky TTL (54/74 
LS) loads or the equivalent. The outputs hold the pre- 
vious data for a minimum of tyg after the rising edge of 
the CONVert signal. 


Not Connected 


There are several pins that have no internal connection 
to the chip. They should be left open. 
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Package Interconnections 


= 
(ep) 


— Not Connected Not Connected 


Signal | Signal B6, N6, R3 
Type Name Package Pins 
Power Vecp ~ Digital Supply Voltage 6, 10 | 

| Veca Analog Supply Voltage 19, 25 
AGND Analog Ground | ——-7,8,9 
Denp Digital Ground | “3M 
Reference . Reference Resistor (Top) = 18 
| RM Reference Resistor (Middle) 27 
ae Reference Resistor (Bottom) 26 
Analog Input — - Analog Signal Input 21, 23 
Format Control NMINV Not Most Significant Bit Invert 28 
NLINV Not Least Significant Bit Invert TTL 12 
Data Output | Dy | Most Significant Bit Output TTL 1 
ee ee 2 
3ST 
a Gee ee ee cael 4 
oe ee E 
a i 
OCS TH 
| Dg Least Significant Bit Output TTL 16 


NO 
oO 
NO 
bd 
No 
_ 


Bs ae ‘PWH ‘wy 3 : 
CONV SAMPLE 7 SAMPLE SAMPLE 
N N+1 | | N+2 


ANALOG INPUT 


—»| ~«— tsto | < ‘D > 
piairacourput | KXXK net XXX XXX XXX 
| 


| Ho <— | 21190A 


Figure 1. Timing Diagram 


Figure 2. Simplified Analog Input Equivalent Circuit 
VCCA VCCA 


Cin Ica Rin 


AGND Vas AGnD 


Cin IS A NONLINEAR JUNCTION CAPACITANCE 
Vrp IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Rp 


‘ * REFERENCE 
GND GND RESISTOR AGgND 
CHAIN 21196A 
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Figure 3. Convert Input Equivalent Circuit 


Figure 4. Output Circuit 


FIN 


Vecp 


Veep © Sees ee Veep 
OUTPUT To 
INPUT O Fs he 
40pF 
AGnp 
LOAD 1 a 
Vv Dar Deane FORDELAY GND 
A = “GND 
GND GND 
eA OUTPUT EQUIVALENT MEASUREMENTS 
CIRCUIT 21198A 
Output Coding Table 
a a 
Input NMINV = HIGH NMINV=LOW NMINV = HIGH 
Voltage NLINV = HIGH NLINV = LOW NLINV = LOW 
5.0000V 0000 0000 1917 99111 1000 0000 0111 1111 
4.9922V 0000 0001 11111110 1000 0001 0111 1110 
e e e 
@ e e 
e e e 
4.0078V 0111 1111 1000 0000 1111 1111 0000 0000 
4.0000V 1000 0000 0111 1111 0000 0000 1117 1111 
3.9922V 1000 0001 0111 1110 0000 0001 1111 1110 
@ e e e 
e @ e e 
i) e e e 
3.0156V 1111 1110 0000 0001 0111 1110 1000 0001 
3.0078V 11111111 0000 0000 0111 1111 1000 0000 
Notes: 1. NMINV and NLINV are to be considered DC controls. They may be tied to +5V through a 4.7 kOhm resistor for a logic HIGH or tied to 
ground for a logic LOW. 
2. Voltages are code midpoints. 
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Absolute maximum ratings (beyond which the device may be damaged) ' 


Supply Voltages | es  e oo . 
Vecp (measured to DGND): sinitacennnteninenite ‘ Odie ta neta aaa eee I ecocis ne hecheta dat eee Giese = 0D OSL OV 
WEA (MEASUFCD LO AR AT) siccsnacecusiieastestuccannrsvelictiatecsstessusessecsisSsnsniuswieres adams acess cdpteese tehatesaseisuestdanedstedletwncaeas —0.5 to +7.0V 
Veca (measured TO Veep) Soccernet cies yet ieete nares ah egal auteacndia ah Oi echlscgie esdias dose Sad —0.5 to +0.5V 
Agnp (measured to Dei) svvscsecsestcesetsestecntisesntsetneietestnenes eee es eee eae RES een es ~0.5 to +0.5V 
Input Voltages 2 | | | 
CONV, NMINV, NLINV (measured tO Depjf) -o--sssccssesscsssteessssseescsseessen weniies diiteeteiaatiensxoncsai Bellis steed seeteca? —0.5 to +5.5V 
Vine Vat Vp (measured to Aggy) «sss One en OR ST ous REA ees eins canoe cad tacea a avtan aaa —0.5 to +5.5V 
Vet (measured to Vpp) ......... ee sists dee teiscnenpteoteateas ere Tea Vee RETR el ee ae — 2.2 to +2.2V 
Input Currents ° — | 
GOIN NINE SINEIINY ss ccadecaSinccceSreal ee eyewear Ula dare a Aa oe hae al elt ee hs mak hace ot —50 to +50mA 
Vink VietiW BR iitaicirecnanrannncnenrenauna sells uiuins utes ouaRovaa dete caeaecudoeay aon Doaes SidintiGndiniianbubieiadad —1U0 10 1OUMA 
Output 
Applied voltage 2 (measured to Dey) i--iesssssecetieetseistcsiscssesceciessssseeserssssssececerssseconseeeesensssseeseetecerseesseee —0.5 to (Ver + 0.5V) 
Applied current >, externally forced .......sssscussssesessseesseesen en ee eee ee eer eee —50 to +50mA 
~—— Short-circuit duration (single output in HIGH state. to ground) Dea ac ali eo i ascot a a eae ian AN 1 Second 
Temperature | 5 aS ae 
| Operating, ambient (all packages except N6 and R3) cesses ininkalecee Gineengae See oat —55 to +125°C 
7 (N6 and R3 packages only| ieiader Se ee a Re eRe Te RT eT eran oe —20 to +90°C 
JUNICEION 20825: nrs er ens, pute ical arsine ean mao ine cana mcneeiaun aaa anaier iit ween a ant + 175°C 
Lead, soldering, all packages (10 SECONAS) .........ssssssssssssssecsssssesssnssessssssesssssecsssneerssscsseiesssnesssseesssetsen Seti densuietincade + 300°C 
Storage, all packages ............000 iigeudeatan arene aie ie caaapaa Rissa vie ieee AG ay sae ula ospeai es eda baatead estas —65 to +150°C 
Notes: 1. Absolute maximum: ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. A condition applied individually that exceeds the Operating Conditions 
specification but is less than the Absolute Maximum Ratings will not cause immediate device failure. Device performance and reliability are 
guaranteed only if the Operating Conditions are not exceeded. 


2.: Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
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Operating conditions 


Temperature Range 
Parameter 


Veco Dial Supply Vota v 
tpwe CUNV Fulse vidtn, LUV . 18 ne 
Vet Most Positive Reference Input ' 50 Veca + 0.1 V 


Vap Most Negative Reference Input | 265 =| 30 | | VY 
Vat —Vpp Voltage Reference Differential ee eee ee ee ae V 
Ta Ambient Temperature, Still Air ee eee ee ee a 


Note: 1. Vp7 must be more positive than Vpp, and voltage reference differential must be within specified range. 


Thermal characteristics (approximate) 


Parameter Typical Units 
Oj, Thermal Resistance, Junction to Ambient a ee ee ee °C/W 
Ci 
Vic Thermal Resistance, Junction to Case °C/W 
Se eee (ae a, 
ee cl 
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Electrical characteristics within specified operating conditions 


Parameter 


Iccat!ecp 
IREF 


RRer 


Note: 1. 


-Qutput Voltage, Logic LOW Vec = Min, Io, = Max 


Ta At | 


Temperature Range 
Standard 


Test Conditions 


Total Supply Current Vec = Max ' | 

Reference Current Vet, Vap = Nom —_ 

Total Reference Resistance 67° 
Input Equivalent Resistance Vet, Vpp = Nom, Viy = Vap 

Input Capacitance _ } Yet: VRB = Nom, Vin = Vpp 

Input Constant Bias Current Veca = Max 3 250 
Input Current, Logic LOW Vec = Max, V; = 0.4V 

Input Current, Logic HIGH Vec = Max, Vj = 2.4V — 200 

Input Current, Max Input Voltage Vec = Max, V) = Vec = Max 

Output Voltage, Logic HIGH Vec = Min, Igy = Max 2.4 


Short-Circuit Output Current Vcc = Max, Output HIGH, one pin to 
ground, one second duration max. 


Digital Input Capacitance Ty = 25°C, F = 1MHz 


Worst case, all digital inputs and outputs LOW. 


Switching characteristics within specified operating conditions 


170 


— tHo Output Hold Time Vcc = Max, Load 1, Figure 4 


Temperature Range 
Standard 


Parameter Test Conditions | Min’ =| Max | 
Fe Maximum Conversion Rate Vec = Min a re 
tsT9 Sampling Time Offset | Vec = Min | 2] 
tp Output Delay Vec = Min, Load 1, Figure 4 eee ee Se 
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Units 


Ohms 
kOhms 


pF 


Units 


Msps 


TDC1058 TWitiA 
7 ANY 
System performance characteristics within specified operating conditions 
Temperature Range 
Standard 
Parameter Test Conditions | Min | Max | Units 
Ey Linearity Error Integral, Independent Vet, Vap = Nom a ae. % 


EoT Offset Error, Top 
Egp Offset Error, Bottom 
Teo Offset Error, Temperature Coefficient 


BW Bandwidth, Full Scale Input 


BWeg  -—3dB Bandwidth, Small Signal 
tTR Transient Response, Full Scale 
SNR Signal-to-Noise Ratio 
Peak Signal/RMS Noise 
RMS Signal/RMS Noise 
Eap Aperture Error 
DP Differential Phase Error 
DG Differential Gain Error 


Figure 5. Typical Interface Circuit 


+5V 
+15V 


ANALOG 
INPUT © 
1K 
50 


1K 01 4K 
\V/ a \/ 


CLOCK 


ALL CAPACITORS 0.1uF CERAMIC UNLESS OTHERWISE NOTED V 
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Figure 6. Inexpensive Interface Circuit - 
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Typical Interface Circuit 


The Typical Interface Circuit (Figure 5) shows an 
example of a high-performance application circuit for the 
TDC1058. The wideband analog input amplifier drives the 
A/D converter directly. Bipolar inputs to the amplifier can 
be accommodated by adjusting the offset control. TRW’s 
TDC4614 provides a stable reference for both the offset 
and gain control. All Vij) pins are con-nected close to 
the device package and the input ampli-fier’s feedback 
loop should be closed at that point. The buffer has an 
inverting gain of two, increasing a 1Vp-p video input 
signal to the recommended 2Vp-p input for the 
TDC1058. Proper decoupling is recommended for all 
systems. 


The bottom reference voltage (Vpp) is supplied by an 


inverting amplifier or the TDC4614, buffered with a PNP 
transistor. The transistor provides a low-impedance source 
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and is necessary to sink the current flowing through the 
reference resistor chain. 


The /nexpensive Interface Circuit shown in Figure 6 
offers considerable parts reduction for cost-sensitive 
applications where DC response is not required and loss 
of some power supply rejection is tolerable. The 200 
Ohm resistors bias the input to +4V and provide the 
current to the zener diode to provide the reference 
bottom voltage. The 1yF capacitor decouples the input 
signal from the DC voltage present at the input of the 
TDC1058. The 10uF and 0.1uF capacitors, as well as the 
ferrite bead, provide power supply decoupling. The 
1N5711 Schottky diodes are for protection against 
overvoltages at the input and are not required if these 
precautions are taken elsewhere in the circult. 
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Typical Performance Curves 


A. Typical Differential Phase and Gain 
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B. Typical SINAD (SNR + Distortion) vs. Input 
Frequency 
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Evaluation Board 


The TDC1058E1C is a Eurocard-style printed circuit board 
designed to optimize the performance of, and to aid in 
the evaluation of the TDC1058 A/D converter. The board 
dimensions are 100mm x 160mm with a standard 64 pin 
double-row DIN male connector installed. A 
complementary 64 pin double-row DIN female connector 
is included with the board. The circuitry on the board 
includes reference voltage generators, wideband video 
input amplifier, and a TDC1012 12-bit D/A converter 
which may be used in evaluating certain parameters of 
the TDC1058. 


The board employs only two conducting sides. Most of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
/O and clocks. The board is calibrated and tested at the 
factory and is supplied complete with TDC1058 and 
TDC1012 installed. 


Power and Ground 


Four power supply voltages are required for the 
operation of the TDC1058E1C: Voc = +5V, Vef= —5.2V, 
V+=+4+15V and V— =-—15V. All power inputs are 
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decoupled to a single solid ground plane, GND. *.| GND 
oins of the board are connected to the ground plane and 
it Is recommended that all GND pins be used. 


Voltage Reference Generator 


The TDC1058E1C has two voltage reference generator 
circuits for driving the RT and RB terminals of the 
TDC1058. A fixed +5.0V is applied to RT from U2 and 
Q1. A variable +3V is supplied to RB from U3 and Q2. 
The GAIN potentiometer provides +10% adjustment 
range on the RB voltage. Diodes D3 through D8 act as 
clamps which protect the TDC1058 from power-on 
conditions that might violate absolute maximum ratings 
and damage the TDC1058. 


Video Input Amplifier 


The input amplifier of the TDC1058E1C, U4, has been 
designed to accept a +0.5V input range and translate 
that signal to the +3V to +5V range of the TDC1058. 
The output of this amplifier can be monitored at the 
AOUT SMA connector which is connected to the Vin 
terminals of the TDC1058 through a 4700 resistor. The 
OFFSET potentiometer, R29, gives a +0.5V offset 
adjustment range to the board. 
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A/D Converter Inputs 


The clock to the TDC1058, CONV, is normally brought 
onto the board through the SMA connector labeled 
“CONV.” By installing jumper J1, this signal is routed 
through the edge connector pin B2. A terminating 
resistor location, R32 is available on the board for 
terminating clock signal cable. The NMINV and NLINV 
inputs to the TDC1058 are pulled HIGH with resistors 
and may be pulled LOW by installing jumpers J2 and J3. 


The analog signal input to the TDC1058E1C is brought 
onto the board by way of the SMA connector labeled 
“AIN” near pin 28 of the TDC1058. A terminating 
resistor, R25, is included on the board for terminating a 
50Q analog input signal cable. 


A/D Converter Data Outputs and D/A Converter 
Data Inputs 


The eight data outputs of the TDC1058 are brought to 
edge connector pins B13 through B21 (excluding B18). 
These pins are located directly across the edge connector 
from the corresponding data inputs of the TDC1012 D/A 
converter to simplify connection of A/D outputs to D/A 
inputs. 


D/A Converter Inputs 


The clock to the TDC1012, CLK, is normally brought onto 
the board through an SMA connector labeled ‘CLK’ 

near pin 16 of the TDC1012. A location for a terminating 
resistor, R6 is provided for clock cable termination. The 
clock to the TDC1012 is also brought to the edge 
connector pin B24. 


D/A converter outputs are brought to SMA connectors. 
labeled OUT+ and OUT— as well as edge connector 
pins B28 and B27. Load resistors of 51.19 are provided 
on the board to facilitate 500 cable connection to the 
board. 


Potentiometer R11 is used to adjust the reference voltage 
to the TDC1012. This voltage is adjusted to —1.0V as 
part of the factory test and calibration procedure. 


Removing the jumper in the location labeled “FT” will 
put the TDC1012 into feedthrough (unclocked) mode. This 
eliminates the requirement for a D/A clock signal, but 
will degrade the fidelity of the TDC1012 reconstruction. 


TDC1058E1C Silkscreen Layout 
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TDC1058E1C Component Side Layout 
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TDC1058E1C Eurocard Edge Connector Pinout 


GND A32 B32 V-(-15V) 
GND A31 | B31 V+ (+15V) 0 
GND A30 B30 NC - “ae 
GND. A29_ B29 NC 
GND A28 B28 D/A OUT+ 
- GND A27 B27 D/A OUT- 
GND A26 B26 NC : 
GND A25 B25 NC 
GND A24 B24 D/A CLK 
GND A23 B23 NC 
~ GND A22 B22 NC 7 
D/A Dy MSB A21 B21 A/D D1 MSB 
D/A D2 . A20 B20 A/D D2 
- DIA D3 A19 B19 A/D D3 
GND A18 Big Vcc (+5V) © 
DIA Dq A17 B17 AID D, | - 
DIA Ds A16 BI6 A/D D5 
DIA Dg A15- BI5 AIDDg 
DIA D7 At4 B14 A/D D7 
D/A Dg LSB A13 B13 A/D Dg LSB 
NC At2 B12 NC ~~ 
: NC All. Bi NC 
NC A10 B10 NC 
NC AQ ~B9 NC 
NC A8 B8 NC 
NC AT B7) ONC 
NC AG B6 NC 
“NC AS BS NC 
GND A4 Ba NC 
GND A3 B3. NC 
GND A2- B2 A/D CONV 
GND Al B1 = Vege (-5.2V) 
Mating Connectors for TDC1058E1C 
AMP 532507-2 Wire-wrap 
AMP 532507-1 Solder tail 
Robinson-Nugent RNE-64BS-W-IG30 Wire-wrap 
Robinson-Nugent RNE-64BS-S-IG30 Solder tail 
Souriau 8609-264-6115-7550E1  Wire-wrap 
souriau 8609-264-6114-7550E1 Solder tail 
Souriau. 8609-264-6813-7550E1 Solder tail, 
right-angle 
bend 
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Figure 8. TDC1058E1C A/D Converter Schematic Diagram 
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Figure 9. TDC1058E1C D/A Converter Schematic Diagram | 
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Ordering Information 


Product 
Number 


TDC1058B6C 
TDC1058N6C 
TDC1058R3C 
TDC1058E1C 


Temperature Range | 


Commercial 


| STD-Tp=0°C to 70°C 


; STD—Ta=0°C to 70°C 28 Leaded Plastic Chip Carrier 
tb - , 1 pa Eurocard PC Board — 


STD-T,=0°C to 70°C 


Package Package 

; _ | Marking 
1058R3C 

TDC1058E1C 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others, 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. . 
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TMC1061 7Atuw 


10-Bit High-Speed Microprocessor-Compatible A/D Converter with 
Track/Hold 


Employing a “half-flash” A/D conversion technique, the Features 

TMC1061 CMOS 10-bit A/D converter offers high-speed oo 
conversions while dissipating only 235 milliwatts. The ¢ 1.8ys Maximum Conversion Time 
analog input signal to the TMC1061 is tracked and held by = ® Includes Track/Hold Input Stage 

an internal sampling circuit. Input signals from DC to © e No External Clock Or Timer Required 


greater than 200kHz can be digitized accurately without the 


Single +5 Volt P | ti 
need for an external track/hold stage. e Single +5 Volt Power Supply Operation 


e No Missing Codes, Guaranteed 


For convenient interface to microprocessors, the TMC1061 ® Power Dissipation Less Than 235mW 
has been designed to function as a TTL compatible memory Ps 
device or |/0 port without the need for additional interface Applications 


logic, clocks, or timing generators. & Waveform Digitizers 


e Disk Drives 
e Digital Signal Processing 
e Mobile Telecommunications 


Functional Block Diagram 
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TMC1061 


Pin Assignments 


DBp (LSB) 


~ TMC1061 
(TOP VIEW) 


DBg (MSB) 
21501A 


20 Pin CERDIP — B3 Package 
20 Pin Plastic DIP — N3 Package’ 
20 Pin Plastic SOIC — M3 Package: 


Functional Description 


The TMC1061 accurately converts an analog input signal to 
10-bit data by performing two low-resolution flash A/D 
conversions. The first A/D conversion provides the six 
Most Significant Bits (MSBs) of the final result while the 
second A/D conversion produces the four Least Significant 
Bits (LSBs) of the 10-bit result. 


The sixteen comparators used in the first flash conversion 
are used again for the second flash. Thus, the half-flash 
conversion techniques used in the TMC1061 needs only a 
small fraction of the number of comparators that would be 
required for a traditional flash converter, and far fewer than 
would be used in a conventional half-flash approach. This 
allows the TMC1061 to perform high- speed conversions 
with minimal power drain. 


Power and Grounding 


The TMC1061 is designed to operate from a single +5 Volt 
power supply. There are two power supply input pins, 
AVcc and DVcc. These pins allow separate external 
decoupling capacitors for the analog and digital sections of 
the TMC1061. To ensure optimum performance, the two 
power supply pins should be connected to the same voltage 
source, and each should be decoupled with a 0.1uF ceramic 
capacitor in parallel with a 10uF tantalum capacitor. 
Depending on the circuit board layout and other system 
considerations such as power supply noise and proximity of 
noisy circuit elements, more decoupling may be necessary. 
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AIC 


It is important to ensure that none of the TMC1061's input 
Or Output pins are driven to voltages more than 300mV 
above AVcc and DVcc, or more than 300mV below GND. 


_If these limitations are exceeded, the current into or out of 
any pin on the TMC1061 must be limited to less than 5mA, 


and no more than a total of 20mA into or out of all 
overdriven pins can be allowed. In systems with multiple — 
power supplies where the TMC1061's voltage reference 


source and input amplifiers are powered separately from 


the A/D converter, careful attention to power supply 
sequencing must be paid and clamp diodes used to prevent 
damage to the CMOS A/D converter. The TMC1061's 
power supply pins should be at the proper voltage before 
other signals are applied. 


To ensure fast, accurate A/D conversions from the 
TMC1061, it is necessary to use good circuit board layout 
techniques. The analog ground return path must have low- 
impedance and be free of noise from other circuits in the 
system. Noise from neighboring digital circuitry can 
degrade performance. The digital ground plane should be 
separate from the analog ground plane. 


All decoupling capacitors should be located as close to the 
TMC1061 as possible. The analog input should be isolated 
from noisy signal traces to avoid cross-coupling unwanted 
noise into the input. All external components (e.g., filter 
capacitors) connected from the converter input to GND 
should be connected to a low-noise ground return point. 
Improper grounding may result in degraded A/D converter 
performance. 


Voltage Reference 


The TMC1061 has two reference voltage inputs, VREF+ 
and VREF—, which define the zero to full-scale input range 
of the TMC1061. The reference inputs can be connected 
to cover the entire power supply voltage range for 
ratiometric applications by connecting VRFF— to GND and 


VpeF+ to Vec. They can be connected to any other 


voltages.between GND and V¢c¢ to accommodate other 
input voltage ranges. When the overall VRFF is reduced to 
less than 5 Volts, the sensitivity of the TMC1061 is 
increased (if VREF+ — VRFF = 2 Volts, then 1LSB = 
1.953mV). When the input voltage range is decreased, 
however, linearity and offset errors become larger with 
respect to the range. The Typical Performance Curves 
give more information on the performance of the TMC1061 
as reference voltage is varied. A reference voltage range 
(VREF+ — VREF) of less than 2 Volts is not recommended. 
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Voltage Reference 


VREF— Is usually connected to GND. It is occasionally 
useful to use an input voltage range which Is offset from 
ground. The TMC1061 can easily be set up to 
accommodate this requirement. VRFF—can be driven 

to a voltage more positive than ground as long as the 
voltage source applied to VRFF_ is capable of sinking the 
necessary reference current. VRFF— should be properly 
decoupled to reduce noise injection when driven to a 
voltage other than GND. 


since the resistance between the two voltage reference 
inputs (VRFF+ and VREF—) can be as low as 400Q, the 
voltage source driving these inputs should have low output 
impedance. Noise on either voltage reference inputs will 
degrade the performance of the TMC1061. The circuits 
that are connected to VRFF, and VRFF— must be stable, 
low noise voltage sources. Each voltage reference input 
should be decoupled with a 10uF tantalum and a 0.1 uF 
ceramic capacitor. Additional decoupling may be 
necessary where power supply and ground noise may 

be excessive. 


The choice of reference voltage source depends upon the 
requirements of the system. In ratiometric data acquisition 
applications, where the magnitude of the system 
parameter being digitized is proportional to or depends 
upon the power supply voltage level, the reference inputs 
are normally connected to Vcc and GND, and no other 
reference voltage is used. In absolute measurement 
applications, where absolute 10-bit accuracy is required, a 
voltage reference source with better than 0.1% accuracy 
and temperature drift characteristics is recommended. 


The Analog Input 


The internal track/hold stage of the TMC1061 samples the 
analog input voltage every A/D conversion cycle. During 
the acquisition time period, tacg, the analog input is 
connected to a network comprising a 600Q resistor in 
series with a capacitor of 35pF. Short-duration current 
spikes can be seen at the analog input during normal 
Operation. These spikes are the natural result of switching 
a fixed voltage onto a capacitor charged to a different 
voltages level. These observed spikes do not affect the 
operation or the accuracy of the A/D converter. 


High source impedances of amplifiers or buffers driving the 
TMC1081 can slow the charging of the sampling capacitors 
and degrade conversion accuracy. Therefore, only signal 
sources with low output impedances (< 500Q) used. If the 
system requirements allow for increased sampling time, 
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the source impedance can be higher. If a signal source 
has a high output impedance, its output should be buffered 
with an operational amplifier. The operational amplifier's 
output should be frequency-stable when driving a 

35pF capacitive load. Ringing or voltage shifts at the 
TMC1061 input during the sampling period can result in 
degraded performance. 


The TMC1061 can correctly convert analog input signals 
from (GND - 50mV! to (Vee +50 mV. The signal source 
must not drive the analog input pin more than 300mV more 
positive than AVcc and DV¢c or more negative than 
300mV GND. If it is possible for the analog input pin to be 
forced beyond these voltages, the current flowing Into or 
out of Viny should be limited to 5mA to avoid damage to to 
the TMC1061. | 


The TMC1061 can perform accurate conversions of input 
signals at frequencies from DC to greater than 200kHz 
without external sampling circuitry. 


Modes of Operation 


The TMC1061 has two digital interface modes illustrated in 
the Timing Diagrams. 


In Mode 1, the T/H input determines the start of the 
conversion process. When T/H Is driven LOW for a 
minimum of 20ns, the comparators that determine the 
upper 6-bits of the final result become active. When T/H 
goes HIGH, the 6-bit partial result is stored and the final 
4-bit conversion begins. After tcgnv (approximately 1.2us, 
1.8us maximum) INT goes LOW, indicating that the 
conversion is complete and that the final results can be 
read when RD goes LOW. CS must be LOW in order to 
enable T/H or RD. CS is logically ANDed with T/H and RD. 
The input voltage is sampled when CS and T/H are LOW, 
and the result is read when CS and RD are LOW. 


In Mode 2 ("RD mode”), the T/H and RD inputs are 
connected together. A conversion Is initiated when both 
inputs are LOW. The TMC1061 samples the input voltage 
and causes the comparators to become active and to 
determine the upper 6-bits of the final result. An internal 
timer terminates the conversion of the upper 6-bits and 
initiates the conversion of the four LSBs. In this mode, 
tCONV lasts approximately 1.8us (2.4us maximum) after 
T/H and RD are brought LOW. After tcony. INT goes LOW 
indicating that the conversion is complete. The data on the 
outputs (enabled when RD is LOW) becomes valid 
approximately 20ns after INT goes LOW. Data will be 
enabled on the outputs throughout the conversion process, 
but are not valid until after INT goes LOW. 
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Signal Definitions 


Power 

DVCC, Digital and analog positive power supply - 

AVCC voltage inputs. They should always be 
connected to the same voltage source, but ~ 
are separated to allow for individual 
decoupling capacitors. 

GND This ts the power supply ground input to the 
TMC1061. 

Analog Inputs 

VIN The TMC1061 outputs a 10-bit binary word 
whose magnitude corresponds to magnitude 
of the voltage on the Vij input with respect 
to the difference between VpFF+ and VRFF-. 

VREF-. The reference voltage inputs determine the 

VREFt+ input voltage range of the TMC1061. VpeFt+ 
must be more positive than VaFF—. An input 

- voltage equal to VRFF— produces an output - 

code of 0, and an input voltage equal to one 
LSB less than VRFF+ produces an output code 
of 1023. 
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Digital Inputs 


CS 


T/H 


The Chip Select control input enables the 
T/H and RD inputs when LOW. | 


This is the Track/Hold control input. When 


— this pin is LOW, it causes the analog input 


signal to be sampled and initiates a new A/D 
conversion cycle. , 


When LOW, the RD control input enables the 
ten data outputs of the TMC1061. When 
HIGH, the outputs are in a high- impedance 
State. 


Digital Outputs 


INT 


DBg-DBg 


The interrupt output goes LOW at the end of 
each A/D conversion. INT returns HIGH 
following the rising edge of RD. 


These are the ten data output eS They are 
enabled when RD is LOW. | 
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Package Interconnections 


Signal Signal 
Type Name Pin 
Power AVCC Positive Analog Supply 6 
DVcc Positive Digital Supply 1 
GND 10 
Analog Inputs VIN Analog Signal Input 8 
VRERt Positive Reference inpui +4.7V 3 
VREF- Negative Reference Input 7 
Digital Inputs cS Chip Select 5 
TH Track/Hold Conta 3 
RD Read Control 4 
DigitalOutputs INT Interrupt Output TTL 2 
DBg MSB Most Significant Bit 11 
DBS ee eee eee a ee 12 
DB a RAD eee | Coe 13 
DB aaa ee ae 14 
D8 | 
D4 fee 
DB3 eee: es ee 17 
082 eee ee ee 
DBI eT: |e 19 
DBo LSB Least Significant Bit 20 
Output Coding 
Input DBg DBg 
Voltage MSB LSB 
>4,092 1 11 Wm! 
+4.092 1 1111 1111 
+4.088 11 1111 1110 
+0.004 00 0000 0001 
0.000 00 0000 0000 
<0.000 00 0000 0000 


Note: The input voltage range used for this table is from 0.0 to +4.092 
Volts. VREF— = GND and VRFF+ = 4.096 Volts. Input voltages are 
measured at code centers. 
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Mode 1. Timing Diagram Mode 2. Timing Diagram 
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21503A 
Absolute maximum ratings (beyond which the device may be damaged) ' 
Supply Voltages 
DCC seit tannin eae scotia lity Sas Rie acolo Sate tac Ae att cttarca 0.5 to +6.5V 
PAVEG sass cass sce tv Wc caastctad stant panera NacecarSaats Uhadedtaton dssseSinait ea Seolasit statue eS eradeGeiG ai anhenat tah condgenaeestionireasainag —0.5 to +6.5V 
PYCO ADVICE D . cach cccsetaatecnsayiuenacaslastiGnicateracnsana een Gane aren aes aetna orale 0.3 to +0.3V 
Input Voltages 
PUIG IANS: eres deta teash hate eacded ate Ras dacs dhatoced eaeat daterint tans talaba Mdonuae A eansa vues heed mace epee daar: (DVcc + 0.3) to -— 0.3V 
PAFG OO WNDU ate ta tean ivan cae cnitalat ec enctetee ete ttdcnate ts cesta te Geek Matas ca lecec eek Riaeatccn tah cum cas (AVcc + 0.3) to (GND — 0.3) V 
Outputs 
Dia tal OT ES ap PE COAG sete. ctaincx tiered a te lacotachotn ines nut tat cubes tad acca poet anette banana otchantas neh dose ea ae —0.5 to DVec 
INDIE CUMENt-anW DIN, CXLeria IW FORCED: S “9.55 4a.co ve darsnadstsscrlncennenemettlanian tank acesettantdasnte la niean te teatumthane telat oon EMA 
SHOMM=CIFCUCOUFATION (SINS OUT TO: GINID] 5.5456: cau cays sects lsi ass hacanngu Moartaeaer santas so ia mtastede hed vaveae ane over mah oleeeoncuneeDt unlimited 
Temperature 
CODSFETING TOMG LGN :wccsescane nar vss tac. np tas ed vine waectlcata ita cat hisk Seclce tbe atcacee th ccbeech SS t teak Naot dacchecte none Seat ae a cheadacoan udcate —60 to +135°C 
Soldering 
INS DACKGGE WhO SCCONES op crassa ancastentetts stag thorautishaiac pinata datenianeirwscesd eatatua tant tneeennamieascaseen nena eee eon ee +260°C 
BG PaCK age (0 SO COMAS) asics cecsesacc sinus cel stiaesicects is cetanzaatureisbewa ead itd canst alert de cates Signin ad adore ecnaea ieee anid: +300°C 
IWS Sinai OU ING Pale KA es eres crt cieestucaenapeatesc cance h Get attired decals tained tte tanta Aenea eastern anere teat centers Acie +260°C 
Vapor hase (OO SREONCS) xix. tutta: diac icsibenccaactanansacinlanat cists ticantestsapsdeinuen eat ieee Runa muse dates +215°C 
HVRP ACU 55 SCONES) foc scence esha cas ea hhh nein rerteee savanna cen ced tnedis yaa eae deh ibe sah +220°C 
SPUR EI GIA scestecs erat sta sac ees tetas neni itera ict eases eds ates cya adcasta tidneaate ea miascted saadintasahaatssslasabeshaaeapintndGeriaterhoeiine: +150°C 
SRO EI etch oeac tn nae econ hatt apne ced canted ab tod send vata cece Sedna pda ecto aks se Gonos tceLte: —65 to +150°C 
PCG MEU CUNEO NE Sos ct ccesscasre pci Mecerecastan at chinese tthe ass canes esa accents Star ate a sida dadlenteaa radium eedes eaneaus +20mA 
Package power dissipation at 25°C 4 ooo a ccccssessssssnescecsssssseessssseecssnsnsscecsssnansecssnsnesecessunssesssuuseeassnineneerseseenneteeteneees va eat deiesSiettletan uses 875mW 
SED SUG OPTED cscs capstan scenic kaa cade oast ode ns eda hg eatd aa Rd ea aleeeo a aceen ce cheat tar eas Lan RE Os pudiaeads arated annua 1500V 


Note: Applied voltages must be current limited to specified ranges and that forcing voltages must be limited to specified ranges. 
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Operating conditions 1.2.8.9 


Parameter 


AVcc, DVcc Positive Power Supply Voltages 6 
AVcc-DVcc Power Supply Voltage Differential 


VIN Input Voltage Range 

SR Input Slew Rate _ 

VREF Reference Voltage © 

VIL Input Voltage, Logic LUW, UV¢¢ = 4./5V 

VIH Input Voltage, Logic HIGH, DVc¢¢ = 5.25V 2.0 

lOL Output Current, Logic LOW 

lOH Output Current, Logic HIGH 

TJ Junction Temperature, Plastic —40 +85 | ae 
TJ Junction Temperature, CERDIP | 55 +125 | me 


Electrical characteristics within specified operating conditions ° 


Temperature Range 


—_ | industrial Extended 


= : 


Parameter 


Dicc DVCC Supply Current 
Alcc AVCC Supply Current 


CIN Analog Input Capacitance 
IVIN Analog Input Current 
RREF Reference Resistance 
C Digital Input Capacitance 
HL Input Current, Logic LOW 
IH Input Current, Logic HIGH 


VOL Output Voltage, Logic LOW 
VOH Output Voltage, Logic HIGH 


IOUT = -360uA, DVec = 4.75V 
lIouT =-10uA,DVcg=4.75V | 


lOZL Output Leakage Current, LOW 
IOZH Output Leakage Current, HIGH VouT = 5.0V 


COUT Digital Output Capacitance 
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Switching characteristics within specified operating conditions 8,9,10 
Temperature Range 
[industrial | _Extended 
Parameter [Min | Max | Min | Max | Units 
icg_____Conversion Tine Oa 
tSH Sampling Time / Figure 1, RS = 50Q a ae ns 
tROINT___RD to Reset of INT es 
tiD INT to Data Delay CL = 100pF 2 | | o | | © | ns 
tENAI Output Enable Time Mode 1, Cy. = 100pF /2 6 | | 50 | ns 
tENA?2 Output Enable Time Mode 2, Cy. = 100pF | | [tea +50] [tea +50] ns 
tbs Output Disable Time CL = 100pF, Ru = 1kQ P20) ee eee BO. ns 
System performance characteristics within specified operating conditions®.“ 
Temperature Range 
[industrial | Extended 
Parameter Twp Min [ Max [Min | Max | Unis 
"Eup Integral Lindacity Erie ee ee ss: 
EFS Full-Scale Error LSB 
E7 Zero Error LSB 
ETu Total Unadjusted Error LSB 
PSsF Power Supply Sensitivity AVcc = DV¢cc = +5.0 15% LSB 
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VREF+ = +4.75V, VReF— = 0.0V 
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Notes on Specification Tables Pp = (TJMAX — TA)/@JA or the number given in the 
Absolute Maximum Ratings, whichever is lower. 
For this device, T jnfAX = 150°C, and the typical 
thermal resistance (8 JA) when board mounted is 
47°C/W for the plastic (N) package, 85°C/W for the 
ceramic (J) package, and 65 °C/W for the small 
outline (MW) package. 


1. Absolute Maximum Ratings indicate limits beyond 
which damage to the device may occur. Operating 
Conditions indicate conditions for which the 
device is functional, but do not guarantee specific 
performance limits. For guaranteed specifications 
and test conditions, see the Electrical 
Characteristics. The guaranteed specifications 


apply only for the test conditions listed. Some 2 aac y neces np olse aiden Monge Cu 
performance characteristics may degrade when the ia aac 
sea is not operated under the listed test 6.  Typicals are at 25°C and represent the parametric 
ery level most likely to occur. 

2. a seers ale Hees oe respect to GND, 7. _TMC1061 performance may degrade if tsH is shorter 
VES CONTE Y OR a Bei than the specified value. 

3. | When the voltage applied to any pin exceeds the ve 7 a 
power supply voltages (i.e., Vcc) the absolute value pew spoaiibanons apply lak AVEC = DVCC = 

ee +5.0 Volts, VREF+ = ~5.0V, VAFF— = 0.0V unless 

of current flowing into or out of that pin must be pihoniise speciiad 
limited to bmA. The total package input current must P 
be limited to 20mA (i.e. four pins at SmA per pin). 9. Typical performance specifications are for 


4. The maximum power dissipation must be derated at ee 


elevated temperatures and is dictated by TJMAX, 
6 JA and the ambient temperature, TA. The maximum 
allowable power dissipation at any temperature Is 


Rise and fall times for digital inputs = 20ns, unless 
otherwise specified. 


Figure 3. Output Test Loads 


DVcc 
@ 


21504A 
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Typical Performance Curves 


A. Zero (Offset) Error vs B. Linearity Error vs 
Reference Voltage Reference Voltage 
1.0 : 
| Nec = DVcg = +5V Nee = DVee = 48 
0.8 Z Ty = 25°C 
S| 2 
S06 ra 
oc f 
S| 
ec f Lu 
ial f > 
2 04} = 
Oo i 
ui iy 
i = 
0.2 | 
1 2 3 4 5 | 
REFERENCE VOLTAGE, VpEF,. . Veer. (V) 21505A REFERENCE VOLTAGE, VpEF. " Veer. (V) 21506A 
C. Mode 1 Conversion Time D. Mode 2 Conversion Time 
vs Temperature | vs Temperature 
16 
14 


MODE 1 CONVERSION TIME, to, (us) 
MODE 2 CONVERSION TIME, tc» (tis) 


i eee ae a ae J 
7550 25 0 25 50 75 100 125 00; 5025.0 2585075 100125 
JUNCTION TEMPERATURE, T, (°C) 21507A JUNCTION TEMPERATURE, T, (°C) 21508A 
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Figure 4. Typical Interface Circuit 


+5V 
+12V TO +15V 4 
+15V 
e 
51K : Tr 
0.1 
8 rt -15V 
DB .9 aos DBy.9 
hal TMC1061 i 
- 7 +4.7V ; cs Cs 
50K . _ 
ce de = T! 
aes Vper. RD RD 
GND 
21509A 


Ordering Information 


Product Package 
Number Temperature Range Screening Package Marking 
TMC1061B3F EXT - Te = -55°C to 125°C Commercial 20 Pin CERDIP 1061B3F 
TMC1061B3B IND - Te = -40°C to 85°C Commercial 20 Pin CERDIP 1061B3B 
TMC1061N3B IND - Te = -40°C to 85°C 20 Pin Plastic 1061N3B 
TMC1061M3B IND - Tc = -40°C to 85°C 20 Pin Plastic SOIC 1081M3B 
TMC1061E1C STD - Ta = 0°C to 70°C | | Eurocard PC Board TMCIO61E1C 


All parameters in this specification are guaranteed by design, sample testing, or 100% testing as appropriate. TRW reserves the right to make changes to products and 
specifications without notice. This information does not convey any license under patent rights of TRW LSI Products Inc., TRW Inc., or others. 


Life Support Policy 


TRW LSI PRoducts Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LS! Products 
Inc. against all damages. 
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Complete High-Speed A/D Converter 


8-Bit, 25Msps 


Designed to be user-friendly, the THC1068 is a complete 
flash analog-to-digital converter that combines all circuitry 


required tO convert high-speed analog signals into 8-bit 


digital data at rates of up to 25Msps (MegaSamples Per 


Second). Based on the industry standard TDC1048 


monolithic flash analog-to- digital converter, the THC1068 


contains a wideband analog input amplifier, precision 
voltage reference and three-state outputs as well as 
zero-scale and full-scale flags. 


The THC1068 offers significant advantages in space 
efficiency and ease of use. Combining all analog front- 
end circuitry with the A/D converter in an easy to use 
package results in savings of board space, component 
and assembly cost. Furthermore, labor intensive circuit 
adjustments are eliminated. 


The THC1068 is designed to meet the demanding 
requirements of military applications. It is available in a 
24 pin hermetic package and operates with guaranteed 
performance over the full —55 to +125°C case © 
operating temperature range. 


Features 


e Complete 8-Bit Analog-To-Digital Converter 
TTL Compatible, Three-State Outputs 
25Msps Conversion Rate, THC1068-1 


20Msps Conversion Rate, THC1068 


Full Performance Is Guaranteed From —55 to 125°C 


Complete Analog Front-End 


@ 
® 
e 
@ 10MHz Full Power Analog Input Bandwidth 
e 
e@ 
e 


Very Low Input Capacitance 


e Gain And Offset Internally Trimmed 


e Binary And Two's Complement Output Modes. 
e Zero-Scale And Full-Scale Output Flags 


Operates From +5V And —5.2V Supplies 
1.6W Typical Power Dissipation 
Hermetically Sealed 24 Pin Package 


Functional Block Diagram 


Agut 


oS 


OFFSET TDC1048 OUTPUT 


REF 
RANGE 
Rp 
NMINV 
NLINV 


REGISTER 
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Pin Assignments 


REF 1 OFFSET 

RANGE 2 Aw 
Rp 3 AGND 
Vee 4 Aout 

NMINV 5 oo NLINV 
Vcc 6 “719 CONV 
FS 7 a Denp 
OE 8 <: 117 ZS 

D, (MSB) 9 o Dg (LSB) 
Dy 10 D7. 
D3 11 Dg. 
Dg 12 3 Ds 


24 Pin Hermetic Metal DIP — S7 Package 


Functional Description 


General Information 


The THC1068 is a complete 8-bit AID converter hybrid 
in a 24 pin hermetically sealed package. The THC1068 — 
has four functional sections: wideband input amplifier, 

reference circuitry, monolithic 8-bit flash converter and 
three-state output register. 


The wideband amplifier provides the current necessary to 
drive the input capacitance of the flash converter while: 
translating the bipolar input to the unipolar range of the 
flash converter. The input amplifier has a gain of —2 
and the stable reference needs no adjustment. The 
analog input voltage range is —0.5 to 0.5V but can be 
configured for a 0 to +1.0V range by shorting OFFSET 
to AGND. Likewise, the input can be configured for a 

0 to —1.0V range by connecting the OFFSET pin to the 
REF pin. 


The converter portion of the THC1068 is a TDC1048 
monolithic 8-bit flash A/D converter. It is made up of a 
comparator array and encoding logic. The comparator — 
array of the flash converter compares the analog signal 
from the input amplifier with 255 reference voltages to 
produce a thermometer code (those comparators 
referenced to voltages less than the analog input signal 
will be on and those referenced to voltages greater than 
the analog signal will be off}. The encoding logic of the 
flash converter then converts the thermometer code into 
8 bits of binary data. The TDC1048 data sheet details 
the operation of the flash pon of the THC1068. 
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The three-state output register holds the output data | 


between convert cycles and_can be set into the high- — 


impedance state with the OE control pin. 


‘Power 


The THC1068 requires +5 and —5.2V for operation. 
Low-frequency decoupling capacitors of 10pF should 

be placed as close to the Ver and Vcc pins as possible. 
High-frequency analog and digital power supply 
decoupling capacitors are included within the THC1068. 


For optimum performance, separate analog and digital 
ground pins are provided on the THC1068. Separate 
grounds should be maintained on the printed circuit 
board and connected together at the power supply 
terminals. However, the voltage difference between 
AGnp and Denp must be within +0.1V. It is | 
recommended that provisions be made on the circuit 
board for shorting jumpers between analog and digital _ 
ground as close to the THC1068 as possible. Whether 
or not the jumpers are required will depend upon the 
printed circuit board layout and overall system 
performance. 


Reference 


A precision voltage reference is used for the flash 
converter reference as well as for DC. level shifting. The 
REF pin can sink or source up to 2mA but ts normally — 


left unconnected. 


OFFSET and AguT 


The THC1068 is designed for bipolar (+0.5V) input 
operation, but it can also be operated with unipolar 


positive (0 to +1V) and unipolar negative (0 to —1V} 


inputs. For bipolar input operation, the OFFSET pin must 
be unconnected. For unipolar positive operation, OFFSET 
is connected to Agnp. For unipolar negative operation, 
OFFSET is connected to the REF pin. A 2 kOhm 


potentiometer can be connected between OFFSET, REF 


and AGnp to vary the DC offset of the input amplifier, 
as shown in Figure 5. A O1pF decoupling capacitor to 
AGND is located within the THCTO68 on the OFFSET 


pin. 


The AQUT pin allows monitoring the analog signal at 


the input to the flash converter and is normally left 


unconnected. It has a nominal series resistance of 470 
Ohms. 
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RANGE and Rp 


The RANGE pin allows optional adjustment of the or offset two's complement, in either true or inverted 
reference voltage (gain) of the flash converter and Is sense. The Output Coding Table shows the output 
normally left unconnected. For reference adjustment, a formats possible with these pins. Note that in offset 

2 kOhm potentiometer can be connected between REF, two's complement format, FS and ZS indicate midscale 
RANGE and Agnp as shown in Figure 5. The nominal —s codes rather than full and zero-scale codes, as shown In 
input resistance of RANGE is 300 Ohms with 0.01 pF the Output Coding Table. When left unconnected, 
decoupling to AGnp. The Rp pin allows monitoring of internal pull-up resistors keep the outputs in true straight 
the full-scale reference voltage to the flash converter hinary format 


through a 470 Ohm series resistor. 
The data outputs of the THC1068 can be set into the 
Convert high-impedance state with the OE control pin. The 


; Outputs become high-impedance points within tpjs after 
Le a ue ae ae ber the OE is switched HIGH and likewise become valid 
of the rising edge of CONV. The result is transferred to WIT NAS ane sale ING DE EO 
the output of the flash converter on the next rising edge Data 
of CONV. Data for sample N is available at the output of 
the THC1068 tp (Output Delay Time} after the rising The outputs of the THC1068 are TTL compatible, 
edge of sample N+2, and is shown in Figure 1. capable of driving 10 LS loads or their equivalent. New 

data becomes valid tp after the rising edge of CONV. 

Analog Input 


The wideband input amplifier of the THC1068 provides 
the current necessary to drive the input capacitance of ~— The output flags of the THC1068 are not latched: they 
the flash converter. The amplifier provides a gain of —2 are active even when the data outputs are in the high- 
and has a nominal input impedance of 1000 Ohms. For — impedance state. The FS (active LOW) flag indicates that 
lower impedances, a termination resistor should be the output bits of the flash converter are all HIGH. 
added as close to the Ajy pin as possible. The THC1068 Likewise, the ZS {active HIGH) flag indicates that the 

is capable of digitizing sinusoidal signals up to 10M#Hz. Output bits of the flash converter are all LOW. ZS and FS 
The input amplifier has pulse response as shown in the represent zero-scale and full-scale analog inputs only 


Output Flags 


Typical Performance Curves, with a full-power when the output code is in the straight binary format. 

bandwidth in excess of 2OMHz. The Output Coding Table shows the status of the 
output flags for various input voltages and output code 

Output Controls formats. Note that the flags indicate the status of the 


flash converter output one clock cycle before it appears 


The digital output of the THC1068 can be formatted at the output pins of the THC1068. 


with the NMINV and NLINV control pins. These pins are 
for D.C. (steady state) use and allow either straight binary 
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Package Interconnections 


peers 


Signal Signal 

Type Name S7 Package Pins 

Power = Negative Supply Voltage 4 

[Wee [sitive Suppiy Vota 

is ia E 

Reference | REF Reference Voltage Output co 1 

OFFSET, Agyt OFFSET Input Range Offset Control 24 

Agut Amplifier Output Monitor Point 21 

RANGE, Rp RANGE Reference Gain Control 2 

| RR Reference Voltage Monitor Point —?2, BV 3 

Analog Input PAIN Analog Input —0.5 to +0.5V 23 

Output Controls NMINV MSB Invert, Active LOW ae ; cee 9 

NLNV All But MSB Invert, Active LOW eS 20 

Data — _MSB Output ae al 

Pe ee 0 

Ph ee I 

a A 2 

Pe ee E 

a CC 4 

ee SAAD ENS E 

Output Flags ea Full-Scale Flag ——— 7 


Output Coding Table 


Offset Two's Complement 
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Step | Midpoints Inverted 
1 LSB=3.92mV ae <3 NMINV=1 
NLINV=0 
D,...Dg D,...Dg Pts ZS 
000 —0.5000V | 00000000 | 1 14441411 0 | 10000000 | 1 | oO | o1titttt 
001 —0.4961V {| 00000001 | 1 11111110 0 | 10000001 | 1 | Oo J 01111110 
: 
e 
126 —0.0059V } 01111110 | 1 10000001 o | 11111110 | 1 | 0 | 00000001 0 
127 —0.0020v. |} 01111111 | 1 10000000 0 | 11111111 | © | © | 00000000 1 
128 +0.0020V | 10000000 | 1 01144111 0 | oooooo00 | 1 | 1 «J 4ttiiit 0 
129 +0.0059V | 10000001 | 1 01111110 0 | 00000001 | 1 | O | 11111110 0 
; 
e 
254 +0.4961V | 11111110 | 1 00000001 0 | 01111110 | 1 | © | 10000001 0 
255 +0.5000V | 11111111 | 0 00000000 1 J 01111111 | 1 | 0 | 10000000 0 
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Figure 1. Timing Diagram 


SAMPLE SAMPLE SAMPLE 
N N+ 1 N+2 


ANALOG INPUT 


—'st0 
| | | 
_— Pe —— tPwH aid ici (aaa 
Fs 
see a 
ENA 
| 
XXXKKK ES XXX BS OK BY 


FS, ZS OUTPUT | 


Figure 2. Analog Input Circuit 
2K 


Ain 


Figure 3. Digital Input Circuits 


Vec 


CONV 
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Figure 4. Digital Output Circuits oo 


Figure 6. Typical Interface Circuit 
| THC1068 


OFFSET NC 
Ain ANALOG INPUT 


Agno 


2KKQ @&_, 2 | RANGE L 
10-TURN S Aout NC 
THC1068 
NLINV NC 
CONV CLOCK 
Denn 18) 
zs 17} NC! 
Dg 16) Dg (LSB) 
D7 D7 
Dg Dg 
Ds Ds 
Dy 
D3 
Dy 
D, (MSB)} 


Note: 1. Output flags should be NC if not needed. 


196 | TRW LSI Products Inc. 


THC1068 itv 


Absolute maximum ratings (beyond which the device may be damaged) | 


Supply Voltages 


Mp (Wve aS: 10: D iain) areca acess esc aaes ia as ae eat osei ae eine eedi ce eet airs —0.5 to +7.0V 

Vee (Measured LOA cr ynh sscessccssaccissccstacaecassvsnususcetahaavesushtau daieicsdtaeatehadsnecaslaschitsan ct Hy ata nccttaeacal iteertaeieaasicae Ue +0.5 to —7.0V 

Fini) (MOASULE: CO: Dyeing iy as cescosst cvscsh anes devs technica vcansea acacia ode hasan cana senad gs 2Uba dan av condeuiatananle eveaynnnaannanieee —0.5 to +0.5V 
Input Voltages 2 

CONV, OE, NMINV, NLINV (measured to DEN D) esate cdeannaiian tase aa ae nmol alana! Vec to —0.5V 

Ain (Measured to Again): cscniniaioncininansnactathiucaamaeaauiiaaie eal winamninboniaaaaauauimads Veg to Ver 
Outputs 

Digital outputs, applied voltage (measured to Denp) sg bse baisaa esi aa esse Aer eckas tS aun AGe os ARIA anioetan -0.5 to Vec 

Ductal !sOUit OES; SAP EC CUTE CIN wesscea tas viesocssanistcea en cisosoulwc tes tv ac casita asm ted oad avn ests gete Gasyaan dead add amatsee ondediae andiveestaaeeoinad 50mA 

Short-circuit duration (single Output to GND) ou. cscscessesessscesesesesssesssssessssssecesesssessscsssessessscassesesessassassseseenstereeees Infinite 
Temperature 

UDG UNINC Soar Saco acces ee ceacet act ccd cis zc daa ps suen aS ae pasts cat as tase Ftd aaa mrce gas ass eo as —60 to + 140°C 

Lad: SONG ENING. “CTO: SEEDING) sick cones ct 5 hss ceases oSewcaanusaastatncds tan sees utastonudiestonay bsstioa sedl oft elle tatuassegassdaaanaeened oseutay aap eal aces + 300°C 

SEO AG sass Secoch acs passe bie nase aetse oeb estes eases Sasa vesitea bia estas ag daca cadena bites loan aes code aa ean ae —65 to +150°C 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the operating 
conditions are not exceeded. 


2. Applied voltage is current limited to specified range. 


Operating conditions 


Temperature Range 


Parameter Units 


< 


Vec Digital Supply Voltage (measured to Dep) 
VEF Analog Supply Voltage (measured to Agnp) 
Agnp Analog Ground Voltage (measured to Denp! 


tpyy, CONV Pulse Width, LOW 
tpyyy CONV Pulse Width, HIGH 


Oo 
<< 


pm ] 
”n 


VIL Input Voltage, Logic LOW 
Vin Input Voltage, Logic HIGH 
VIN Input Voltage Range, REF and OFFSET Open 


NO 
BRO 


r No 
Oo 
<<-i/< 


Tp Ambient Temperature, Still Air 
Te Case Temperature 


+ + 
in A 
P=} 
n 
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Electrical characteristics within specified operating conditions | a 
| - Temperature Range 
Standard Extended 
Parameter Test Conditions | Min | Max | Min | Max | Units 
lec Digital Supply Current Vec = Max, Static! Ff of 170 mA 
lez Analog Supply Current Vep=Max, Static! F870 870" mA 
Gin Analog Input Capacitance A OO: 
Ne Input Current, Logic LOW Veco = Max, Vin =0.4V 
NMINV, NLINV —3.3 —3.3 mA 
OE | | 08 | | 08 | ma 
es ee 
liq Input Current, Logic HIGH Veco = Max, Vin =2.4V 
NMINV, NLINV —2.0 —2.0 mA 
OE | | +004 | +004 | mA 
SL 
lqz Output Leakage Current, Logic IG SCS ~SC*dt | C*détOC 
log: Short-Circuit Output Current Vec=Max, Output HIGH, one pin to 
ground, one second duration max. — 200 — 200 mA 
Voy Output Voltage, Logic HIGH loy = 250uA eS ae ee eee 
Vref Reference Voltage i i, +1.138 | +1.302] +1.138 V 
C Digital Input Capacitance Ty = 25°C, f= 1MHz ea eee pF 
Note: 1. Worst case, OF =LOW. | 
Switching characteristics within specified operating conditions 
Temperature Range 
| Standard Extended 
Parameter Test Conditions | Min | Max | Min | Max — Units 
Fo Maximum Conversion Rate Veco Veg =Min 
THC1068-1 25 . 25 Msps 
tpis HIGH Impedance Disable Vec=Min ae i a eS ns 
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AIX 


System performance characteristics within specified operating conditions 


Parameter 

Ei | Linearity Error, Integral 
ELp Linearity Error, Differential 
Q Code Size 

t~ Transient Ras 


Test Conditions Units 


es ee as : 


= i nonse Full-Scale ne 
“In oe eM re le wi ees we es wtie a A od ro 


BW Full Power Input Bandwidth 
SNR Signal-to-Noise Ratio 


RMS Signal/RMS Noise 


SeaenRaE! SN 2s Me 


10MHz Bandwidth, 
rs 20Msps 


[120M Inpot Sid PCY dB 


eeacioe [| [| Te 


Eap Aperture Error 


DP Differential Phase 
DG Differential Gain 


Aare 0 SS : 


Typical Performance Curves 


A. Power Supply Current vs. Temperature 


116 
114 
112 
110 
108 
106 
104 
102 
100 


lec SUPPLY CURRENT (mA) 


— 55° ~25° 0° 25° 50° 75° 100° = 125° 


CASE TEMPERATURE (°C) 


. SNR vs. Analog Input Frequency 


50 


RMS SIGNAL/RMS NOISE SNR (dB) 
o 8 = Ss 6 


1 2 3 4 5 6 7 8 59 10 
ANALOG INPUT FREQUENCY (MHz) 


TRW LSI Products Inc. 


Igg SUPPLY CURRENT (mA) 


Aout 


~ 180 
- 195 
-210 
~225 
~ 240 
~ 255 
-270 
— 285 
~300 


—§5° ~25° 0° 25° 50° 75° 100° = 125° 
CASE TEMPERATURE (°C) 


. Input Amplifier's Pulse Response 
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Evaluation Board 


The THC1068E1C is a Eurocard-style printed circuit board 
designed to aid in the evaluation of the THC1068 A/D 
converter. The board dimensions are 100mm x 160mm ~ 
with a standard 64 pin double-row DIN male connector 
installed. A complementary 64 pin double-row DIN 
female connector is included with the board. 


The board employs only two conducting sides. Most of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog: 
I/O and clocks. The circuitry on the board includes all 
power supply decoupling required for the THC1068, and» 
a TDC1012 12-bit D/A converter which may be used in 
evaluating. certain parameters of the THC1068. 


The board is calibrated and tested at the factory and is 
supplied complete with THC1068 and TDC1012 installed. 


Power and Ground 


Two power supply voltages are aie for the operation 
of the THC1068E1C: Veg = +5V and VeF= —5.2V. All 
power inputs are decoupled to a single solid ground 
plane, GND. All GND pins of the board are connected to 
the ground plane and it is recommended that all GND 
pins be used. 


A/D Converter Inputs 


The clock to the THC1068, CONV, is brought onto the — 
board by way of edge connector pin B2. A 51.10 
resistor, R13 may be installed on the board for | 
terminating 500 clock signals. The DIP switch controls 
OE, NLINV, NMINV and the GAIN and OFFSET 
adjustment potentiometers. OE, NLINV and NMINV are 
pulled to a logic HIGH when their corresponding switch 
IS Open. 
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| The analog signal input to the THC1068, Ajj) is brought 


onto the board through the SMA connector labeled 
“AIN near pin 23 of the THC1068. A terminating 
resistor, R14, is included on the board for terminating the 
analog input signal cable. 


A/D Converter Data Outputs and D/A Converter 
Data Inputs 


The eight data outputs of the THC1068 are brought to 
edge connector pins B13 through B21 (excluding B18). 
These pins are located directly across the edge connector 
from the corresponding data inputs of the TDC1012 D/A 
converter to simplify connection of A/D outputs to D/A 


inputs. 


D/A Converter Inputs 


~The clock to the TDC1012, CLK, is normally brought onto 
the board through an SMA connector labeled ‘CLK’ 


near pin 16 of the TDC1012. A location for a terminating 
resistor, R6 is provided for clock cable termination. The 
clock input to the TDC1012 is also brought to the edge 
connector pin B24. 


DIA converter outputs are brought to SMA connectors 
labeled OUT+ and OUT— as well as edge connector 
pins B28 and B27. Load resistors of 51.10 are provided 
on the board to source-terminate a 500 cable connected 
to the board. 


Potentiometer R11 Is used to adjust the reference voltage 
to the TDC1012. This voltage is adjusted to —1.0V as 
part of the factory test and calibration procedure. 


Removing the jumper in the location labeled “FI” will 
put the TDC1012 into feedthrough. (unclocked) mode. This 
eliminates the requirement for a D/A clock signal, but 
will degrade the fidelity of the TDC1012 signal 
reconstruction. 
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THC1068E1C Silkscreen Layout 


D/A CONVERTER 


Prtwy | Uleosele 


OEN 

NMINV 

NL INU 

VREF 

GAIN ADJ. 
OFFSET ADJ. 


TRW LSI Products Inc. 9/D CONUERTER 


az 


St 


GAIN 
ZsQ , OswoO CRIS" 
© Ris 
Pe EL | cao oFrser 
a OJ!O CONU AOUT AIN 
Dy 
O BOARD 4@xX@59@3 REV. B ASSEMBLY 4@X@S9@@ REV. [ 


THC1068E1C Component Side Layout 


~~ mms 
- boot ot ot) 


fe) 


@ ae eee ) () 
O 00 000 
OLOlOlelelelelelelele) Bi 


.@) 
O 
0) 
2) 


elolelelelerele(ermlele) 
POO 14 -O 


~ _ — — ~ ~ 


( ) € ) ae es ag SP) ee 


i Pehiy are Mel Tey tt ol att 


oO O 


TRW LSI Products Inc. 201 


THC1068 


THC1068E1C Circuit Side Layout 


THC1068E1C Eurocard Edge Connector Pinout 


GND 


GND. 


GND 
GND 
GND 


GND 
GND 


~ GND 


~ GND. 
GND. 
GND 

D/A Dy. MSB- 
D/A Do 
D/A D3 ° 
GND | 


D/A Dg 
D/A Ds 
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A32 
A31 


30 
A29 


B32 
B31 


B30 


V— (-15V) 
V+ (+15V) 
NC 
NC 


‘D/A OUT+ 


AID Dy MSB 


AID Dg 


AID.D3 
Vec (+5V) 
AID Dg 
AID Ds 
AID Dg 
AID D7 


AID Dg LSB 


-NC 


A/D. CONV 


| Vee (-5.2V) 


AMP. 


Mating Connectors for THC1068E1C 


AMP 032907-2 
032507-1 


Robinson-Nugent — RNE-64BS-W.1630 


Robinson-Nugent RNE-64BS-S-TG30 
~~ Souriau. 8609-264-6115-7550E1 
~ Souriau 8609-264-6114-7550E1 
Souriau 


— 8609-264-6813-7550E1 
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Figure 7. THC1068E1C A/D Converter Schematic Diagram 
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THC1068 7Trtry 
THC aituy 
Figure 8. THC1068E1C D/A Converter Schematic Diagram 
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Ordering Information 


Product Temperature Range Package’ Package 
Number Marking 


THC1068S7C STD—Tyj=0°C to 70°C Commercial 24 Pin Hermetic Metal DIP 1068S7C 
THC1068S7C1 STD—T,j=0°C to 70°C Commercial 24 Pin Hermetic Metal DIP 1068S7C1 
THC1068S7V EXT—Tep=—55°C to 125°C MIL-STD-883 24 Pin Hermetic Metal DIP 1068S7V 
THC1068S7V1 EXT—Te= —55°C to 125°C MIL-STD-883 24 Pin Hermetic Metal DIP 1068S7V1 
THEIDGSEIC THOOEBEIC 
Note: 1. \V-grade will only be shipped in military packages. 


C-grade will be shipped in commercial packages as available. 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LS! Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Complete High-Speed A/D Converter 


9-Bit, 37 Msps 


The TRW THC1069 is a complete analog-to-digital 
converter that combines all the circuitry required to convert 
niGh-SPEEU aialog Signals iftG 9-Dit digital Gata at rates up 
to 37 Msps (Megasamples per second). The THC1069 
comprises a wideband input amplifier stage, stable voltage 
references, 9-bit flash A/D converter, and output data 
register which makes the THC1069 very easy to use. The 
THC1069 offers precision gain, linearity, offset, and 
outstanding high-speed dynamic performance. 


The THC1069 is housed in a 32-pin hermetic package 
with guaranteed performance over the industrial (—25 to 
85°C) or military (-55 to 125°C) case temperature ranges. 
Military THC1069s are manufactured in compliance 

with MIL-STD-883C in facilities certified and qualified 

to MIL-STD-1772. 


Features: 


e 37 Msops Conversion Rate. Guaranteed 

e Guaranteed Performance Over All Operating Conditions 
e Complete Analog Front-End 

e Requires Only +5 And —5.2 Volt Power Supplies 
e +0.5 Volt Input Range 

e Input Capacitance Less Than 10pF 

e Range And Offset Externally Adjustable 

e Qutstanding Overload Recovery 

e ECL Compatible 

e Overflow Output Flag 

Industrial Or Military Temperature Range 
32-Pin Hermetic Package 


Ou 


Functional Block Diagram Veca 


Aout 
ArTN 
Ko |_| 
Ain — 
AGND a Le PTS 


> Recister|___ > 91-9 
TDC1049 i 


¢ OVFR 
RANGE 
CONV 
CONV 
Denp ma VEEA f= 
Veep 21556A 907 
TRW LSI Products Inc. Phone: (619) 457-1000 ©TRW Inc. 1990 
P.O. Box 2472 FAX: (619) 455-6314 40G05636 Rev. A — 8/90 


La Jolla, CA 92038 


Printed in the U.S.A. 
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Applications 


e Broadcast And Studio Video — 

e Medical Imaging 

e Magnetic Resonance Signal Acquisition 
e Radar 

e Digital Oscilloscopes 

© Spectrum Analysis 


Pin Assignments 


Veca tf} O O ARTN 
Agno 2]| O O AIN 
VreF 3]]| © O AOFF 
OFFSET 4]| O O VEEA 
RANGE 5]| O O AGND 
DNC 6 O O VEEA 
Aout 7]| © O VEED 
Veep 8 O O D1 (MSB) 
CONV 9]| O O D2 
CONV 10]| © O D3 
Denp 11 O O D4 
Denpd 12 O oO Ds 
OVF 13}| O Oo Dg 
OVFR 14]| © O D7 
DNC 15]}| O O Dg 
DNC 16{| O O Dg (LSB) 


21557A 


32 Pin Hermetic Metal DIP — S5 Package 


Functional Description 


General Information. 


The THC1069 is a complete 9-bit A/D c converter ina 
hermetically sealed 32-pin package. It has four major 
functional sections: Wideband input amplifier stage, 
voltage reference generator, monolithic 9-bit flash A/D 
converter, and output data register. A/D converter gain, 
offset, and linearity are calibrated at the factory. 
Conversion is initiated (i.e., the analog input signal is — 
sampled) by the rising edge of the clock (CONV) signal. 
Data corresponding to that sample is available three clock 
cycles later as shown on the Timing Diagram. 


Power 


The THC1069 requires +5 and —5.2 Volts for operation. 
VcCA (the positive analog power supply voltage) powers 
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analog front-end and reference circuitry on the THC1069. 
VcCA should be decoupled to analog ground as shown in 
the Typical Interface Circuit. The two negative power 
supply voltages (VEEA and VEED) may come from the same 
power source but should be separately decoupled | 
to reduce power supply noise. Decoupling capacitors of 
1OuF and 0.1uF should be placed as close to the power 
pins of the THC1069 as possible. Small value (0.01 pF) 
decoupling capacitors are inside the THC1069 on each | 
power supply input. 


Analog and digital grounds re and DGNp) are isolated 
from each other inside the THC1069 to minimize crosstalk 
and achieve optimum performance. It is recommended 
that the THC1069 be mounted on printed circuit boards 
with one solid ground plane used for all ground pins. 
Analog and digital grounds may be kept separate if 
required by the system grounding plan; however, the 
voltage difference between AGND and DGnp must be 
kept LOW (within +0.1 Volt) and noise at the analog 
input, AlN, referred to AGND must be kept as small as 
possible in order to realize optimum performance. 


_ Reference 


A precision voltage reference is generated within the 
THC1069. The VpFF output has a nominal voltage of —2.0 
Volts and can be used to drive external circuitry that may 
require a stable voltage reference. A potentiometer 
connected between VrFF and AGNDP with its wiper 


__ connected to AQFF provides a stable method of adjusting 


input offset voltage of the THC1069. Any external loading 
on the VRFF output should be limited to 5 milliamps. 


Analog Input 


The input amplifier of the THC1069 has a non-inverting 
gain of two. When the AoFF input is connected to the 
OFFSET output, the input amplifier is offset so that its 
output swings from 0.0 to —2.0 Volts, matching the input 
range requirements of the internal 9-bit flash A/D 


converter. 


ARTN Is the ground reference point for the analog input 
stage and voltage reference generator. |t should be 
connected to a low-noise ground point. The input 
impedance of the THC1069 is 1kQ from Ajj to AGND. 
For impedance matching and lower noise in all 
applications, a termination resistor or low-impedance 
driver should be located as close to the Ajj pin as 
possible. 
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Offset Adjustment CONV 


The THC1069 is designed for, and its performance The THC1069 requires a differential ECL clock signal, 
guaranteed for, the +0.5 Volt input range. This input range CONV and CONV. The analog signal is sampled at tsTg 
results when AOFF is connected to OFFSET. A 1 or 10kQ (Sampling Time Offset) after the rising edge of CONV. The 
potentiometer connected between VpaFF and AGND with its nine data and two overflow digital outputs are synchronous 
wiper connected to AFF will provide a variable DC offset. | with respect to the rising edge of CONV. Data for sample 
Decoupling capacitors of 0.1 and 0.01pF should be N becomes valid tp after the rising edge of the N+2 CONV 
connected from AOFF to ARTN to reduce noise injection pulse and remains valid until tyo after the rising edge of 
into the THC1069. Both unipolar positive (0.0 to +1.0 Volts) CONV N+3 as shown on the Timing Diagram. 

and unipolar negative (0.0 to —1.0 Volts) input ranges are 

possible by varying the DC voltage applied to AgFF. Data Outputs 


The AofF pin is a high-impedance offset adjustment point the data oe He low outputs of the ee pea 
for the THC1069. This input is connected directly to a anny zi : ee a ers with respect 
wideband amplifier and may be varied at high rates and fe iN : att i re Ale ‘ts Cee 
even used as an alternate analog signal input. Care must — /O™ ete en Seen CORT ance 
be taken (by proper decoupling) in applications where this sy aiie malo ie _ aha nnarat ihe nics npg excasds 
pin is used for DC offset control to prevent high-frequency Whenever the voltage p , 

the most positive full-scale value. OVFR is a registered 


noise from being introduced into the THC1069. The voltage 
present at the AQFF pin is amplified with a gain of -2. la and emerges from the THC1069 one CONV cycle 


Analog Output Do Not Connect 


The AguT pin allows monitoring of the 0.0 to —2.0 Volt 
analog signal at the flash converter input and is normally 
left unconnected. AQUT !s isolated from the flash A/D 
converter input with a series resistor of 470Q. 


DNC (Do Not Connect) pins are connected to internal test 
points used in the factory calibration of the THC1069. 
These pins should be left unconnected. 
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Package Interconnections 
~ Signal” | Signal | 
‘Type ~ Name Function a * i Pin 
Power, Ground ~ Meca alee 
co _.VEEA. | 27,29 
_.~. VEED. 8, 26 
>. AGND 2, 28 
(ite tse, DBND 11,12 
Analog Inputs AIN 31 
ARTN 32 
_ AOFF 30 
— RANGE 5 
Analog-Outputs. VREF 3 
: AQUT 7 
__ OFFSET 4 
Digital Inputs. CONV 10 
Digital Outputs OVF Overflow Flag Sa Sea 9 13 
OVFR foustoret Sueriow Flag iy =. ECE - _.. 14° 
D1 (MSB) a ee a 
D2 ees a eee 7 
03 et 
Da Sars ae 
D5 + es eae ae 
Dg ECL 20 
D7 fer _ 19 
Dg (LSB) Least Significant Bit <_< a 17 


Figure 1. Timing Diagram 
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Figure 2. Equivalent VpeF Input Circuit Figure 3. Equivalent Digital Input Circuit 


DGnD 

VREF 
CONV CONV 

OFFSET 
VEED 21560A 


21559A 


Figure 4. Equivalent Output Circuits 


DGenD 
D 
D 
VEED 
OUTPUT EQUIVALENT CIRCUIT 
TO OUTPUT PIN 
20pF 5002 
LOAD 1 iI 
TEST LOAD FOR DELAY = 
MEASUREMENTS -2.0V 215614 
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Output Coding 


Input 
Voltage 


>0.500V 
+0.500V 
+0.498V 
+0.496V 


+0.004V 
+0.002V 

0.000V 
—0.002V 
—0.004V 


Notes: 1. 


Dy... D109, 
MSB LSB 


0 0000 0000 
0 0000 0000 
0 0000 0001 
0 0000 0010 


111111110 
111111111 
0 0000 0000 
0 0000 0001 
0 0000 0010 


11111 :1101 
111111110 
111111111 
111111111 


Input range = +0.5 Volts. 
2. _ Voltages measured at code centers. 


OVF, OVFR 


oo oO G&G & oe > 


oo oOo & 
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Absolute maximum ratings (beyond which the device may be damaged) 


~ Supply Voltages 

VEC (Measured to AGND) s.cescmutinnuiccencasaneararceh caine: seats ee ele coses cba ia —0.5 to +7.0V 
VEER (Measured. to AGN) cisiicsseccacienceicidiascsdeseuiiecavaeeanoenolen boucicoetr can tater eage dca ca nersa ar alent wa elereas: +0.5 to -7.0V 
We ei Meastired:to Onli) cimana etree cca oc ietacedd a tetadeh neat eden ctatic eecbithedatdas da eaacreahpalseeahaalon cnands +0.5 to —7.0V 
PGND PAREN (Meas Ure dita GND) acini zac cccaiast Atte ctuadseascsccoretr cer ana tee ta shel tilde acartaaaitiuaabaupe Neate ay —0.5 to +0.5V 

input Voltages2 oe | : 
CONV CONViMeastived to DG Nf) vanstecencce nile alive coeecneee een ean nan leer ae eae DGNp to VEED 
PIN IC ASUT EG LO FGI) ) esc eecsss cede la seas, rca aehatv cesta eetee nag terc ital estate vans ena netsh aoe aps sawn a eer geass neat VEEA to VCCA 
AOFF, RANGE (Measured to AGAD) ..-.ssscesssesecseseees leas iuselea tata teecanh aaeteeraleie emareeae eae ies: Steeles VEEA to VCCA 

Outputs2.3 | | 

| Digital Outputs, Applied Voltage (Measured to DG) ....sssessscseccsesesesesssscsessseerssssecssecscssssssesssesesssssencatecsesstecaseeseses +0.5 to VEED 

Digital Outputs, Applied Current, Externally Forced .........cccsecssssessessscsssscsesssssescscecsscssenescscscensscsssnecsssstesessssceetssnscaneneecnetseeseess 50mA 
Short-Circuit Duration (Single Output to DG Af) .........cecsssssssssssssssessssssessecsssessssecseseserseessscssssssssesearsssesesauseceeansssseessseeesoseassets Unlimited 

Temperature : | 
LG TeL= Yasha a1 Pal: boy atk er em RC eR enn ae RT SRP OEE on —60 to +135°C 
Lead, Soldering (10 Seconds). ........ccecccssseseeeeeeees ET RON STORER TP RET oN er oN TORTS REE +300°C 
SHEE ACh ses asec lie Pass etal toca ccc eces atevescaceus od ccna Davden anasto ead Ric ented aT ela aaeeao ae —65 to +150°C 


Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if Operating Conditions are not exceeded. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
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Operating conditions 


Temperature Range 


Parameter _ Units 

VCCA Positive Analog Supply Voltage V 
(Measured to AGND) 

VEEA Negative Analog Supply Voltage V 
(Measured to AGnp) 

VEED Negative Digital Supply Voltage Ve 

AGND, ARTN _ Analog Ground Voltage V 
(Measured to Dgnp) 

tPWL CONV Pulse Width LOW ns 

tPWH CONV Pulse Width HIGH ns 

VIL CONV, CONV Input Voltage V 

ViH CONV, CONV Input Voltage: V 

VRANGE Voltage on Pin 5, No Load V 

Tc Case Temperature °C 


212 TRW LSI Products Inc. 


THC1069 


Electrical characteristics within specified operating conditions 


Temperature Range 


7 IX 


Parameter = Units 


ICC Positive Supply Current Vcc = Max' re 

lIEEA+IEED Negative Supply Current VEEA, VEED = Max Led —1030 td —1095 mA 

RIN Analog Input Resistance PL gt 1020 1020 Ohms 
RA AA nF 


HL Input Current, Logic LOW VEED = Max, Vin =-1.7V a mA 
m 


HH Input Current, Logic HIGH VEED = Max, Vin =-0.7V 


VoL OutputVottage, Logic LOW | _OVFRand Dy.gOutputs'_ | | 1575 | | -1.875 
Eaeeeead oe 


OVF Output? He oe 
VOH Output Voltage, Logic HIGH OVFR and Dj-9 Outputs! | 989 | ss | -0.89 | 


VREF 2.5 Reference OutputVoltage | | 29 | | 24 | 
V1.0V OUT 1.0V Output Voltage TA = 25°C | 099 | 1.01 | 0.99 | 
C| Digital Input Capacitance Ta = 25°C, f = 1MHz Fad 4 


Note: 1. Standard 10kH ECL test load: 100Q to —2.0V 
2. ECL Test load: 500Q to —2.0V 


Switching characteristics within specified operating conditions 


Industrial [itary 


a ea 
isto SsninaTREOR Pa ae 
tpo Digital Output Delay1.2 | 10 


tDOVF OVF Output Delay3 ae 97 
tHO Output Hold Time!.2 | 5 


Note: 1. Standard 10kH ECL test load: 100Q to ~2.0V 
2. OVFR and D1-9 outputs 
3. OVF output, standard ECL test load: 500Q to -2.0V 
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No 
S nN 


oi 
o> 


mA 


A 


V 
V 
V 
V 
V 
V 


pF 


Units 
MSPS 


ns 
ns 


ns 
ns 
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System performance characteristics within specified operating conditions 


EL| Linearity Error,integral =| || ors | os | | os | ots | 
tTR___ Transient Response | fulscale | ft so | os {| | ns 
BWrs _-3dB Bandwidth | Win=Full-Scale | so | 75 | | so | 5 | | Mhz 
SNR Signal-to-Noise Ratio, |_fin=1omHz | 63 | sa || sz | be || 
| fin=5.0MHz | 525 | 535 | | 515 | 535 | | dB 
THD TotalHarmonic Distortion | fin=1.0MHz |  |-se | 1 |  — |-se | -51 | Be 
| fin=50MHz | |-48 | -46 | 48 | 44 Bc 
SINAD — Signal-to-Noise and Distortion | finetomnz | 49 [52 | | 4 [52 | | dB 
| fin=5.0MHz | 45 | 475 | | 3 | a7 | |B 
Pinta Pes fe [Ps pea 
DP__Differential Phase | fs-143mHz {| | o3_ | os | | os |e 


Typical Interface Circuit 


The THC1069 has a user-adjustable reference voltages. 
This reference voltage is laser-trimmed during the 
manufacturing process to optimize DC performance 

and may be adjusted by an external potentiometer. The 
external 10kQ potentiometer, connected between VRFF 
and AGND with wiper driving the RANGE pin, varies the 
reference voltage to the internal A/D converter. The effect 
is a Change in the A/D converter “gain.” 


should the system design require a signal gain adjustment, 
a 200Q variable resistor in series with the input signal may 
be used. When the 200Q potentiometer is centered, the 
attenuation is approximately —0.8dB and an adjustment 
range of +0.8 dB is available. This corresponds to a +10% 
adjustment range for gain. With RT = 52.4Q, the total 
terminating impedance varies from 49.8 to 50.2Q as the 
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potentiometer is varied from one end to the other. With 
RT = 80.5Q, the total terminating impedance varies from 
74.5 to 75.4Q as the potentiometer Is varied from one end 
to the other. If an amplifier drives the THC1069 instead of 


~acoaxial cable, no RT is required. Both methods of gain 


adjustment are shown in the Typical Interface Circuit. — 


Offset adjustment is also illustrated in the Typical Interface 
circuit. Here, a 10kQ potentiometer connected between 
VREF and AGND with wiper driving the AQFF pin gives 

+1 Volt of offset adjustment range. 


Careful attention should be paid to power supply 


decoupling as shown. The use of ferrite beads to aid 
power supply noise rejection is optional. 
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Typical Interface Circuit 
+5 


1.0+ 


“GAIN” 200 ci 


CONV 


CONV 


—5.2V 


Evaluation Board 


The THC1069E1C is a Eurocard-style printed circuit board 
designed to optimize the performance of, and to aid in 
the evaluation of, the THC1069 A/D converter. The 
board dimensions are 100mm x 160mm with a standard 
64-pin double-row DIN male connector installed. A 
complementary 64-pin double-row DIN female connector 
is included with the board. The circuitry on the board 
includes the THC1069 A/D converter, a TDC1112 12-bit 
D/A converter, provision for an optional THC4940 Track/ 
Hold amplifier and timing generator for generation to the 
Track/Hold pulse for the THC4940. 


The board employs only two conducting sides. Most of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
I/O and clocks. The board is calibrated and tested at the 
factory and is supplied complete with THC1069, TDC1112 
and timing generator components installed. 


TRW LSI Products Inc. 


VREF 


AorF 


CONV 
CONV 


7 IXY 


A 
RTN Dig f _ > 1. 


THC1069 


Veen YEED 


21562A 


Power and Ground 


Only two power supply voltages are required for the 
operation of the THC1069E1C when no Track/Hold is used: 
Vcc =+5, VEF =—5.2 Volts. When the optional THC4940 
is installed, two additional power supplies are required: 
V+=+15 and V-=-—15 Volts. All power inputs are 
decoupled to a single solid ground plane, GND. All GND 
pins of the board are connected to the ground plane and 

it is recommended that all GND pins be used. 


A/D Converter Inputs 


The clocks to the THC1069, CONV and CONV come from 
the timing generator section of the board. The input to 
the timing generator is normally brought onto the board 
through the SMA connector labeled “CONV.” By installing 
jumper J1, differential CONV and CONV signals are 

routed through the edge connector on pins A2 and B2. 
Terminating resistors, R32 and R33 are installed on the 
board for terminating the single-ended CONV SMA input. 
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Terminating resistors, R27, R28 and R29 are installed on 
the board for terminating the differential CONV inputs from 
the edge-connector. The timing generator provides proper 
levels and pulse widths to both the THC1069 A/D converter 
and the optional THC4940 Track/Hold amplifier. 


The analog signal input to the THC1069E1C is brought onto 
the board by way of the SMA connector-labeled “A/D 


An.” A terminating resistor, R19, is included on the board 


for terminating the analog input signal cable. 


The AQUT SMA location allow monitoring of the analog 
signal within the THC1069 just prior to the internal flash 
A/D converter. The gain and offset of the THC1069 can be 
adjusted by turning all three DIP switches to their ON 
position and using the GAIN and OFFSET potentiometers, 
R47 and R48. 


A/D Converter Data Outputs and D/A 
Converter Data Inputs 


The nine data outputs of the THC1069 are brought to edge- | 


connector pins B3 through B11. These pins are located 
directly across the edge-connector from the corresponding 
data inputs of the TDC1112 D/A converter. © 

D/A Converter Inputs 


The clock to the TDC1112, CLK, is normally brought onto 
the board through an SMA connector labeled “CLK” near 
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pin 16 of the TDC1112. The clock input to the TDC1112 is © 
also brought to the edge-connector pin B24. Resistors, R7 
and R8, provide a Thevenin equivalent 130Q termination 
for the CONV signal. R5 and R6 bias the CONV input to the 
TDC1112 near the ECL threshold level. 


D/A converter outputs are brought to SMA connectors 
labeled OUT+ and OUT— as well as edge-connector pins 
B27 and B26. Load resistors of 51.1Q are provided on the 
board to facilitate 5002 cable connection to the board. 


Potentiometer R11 is used to adjust the reference voltage 
to the TDC1112. This voltage is adjusted to —1.0V as part 
of the factory test and calibration procedure. 


Placing a jumper in the location labeled “FT” will put the 
TDC1112 into feedthru (unclocked) mode. This eliminates 
the requirement for a D/A clock signal, but will degrade the 
fidelity of the TDC1112 reconstruction signal. 


THC4940 Track/Hold Amplifier Option 


A THC4940 may be added to the THC1069E1C just prior to 
the THC1069 A/D converter. When the THC4940 is used, 
+15 and —15 Volt power supplies are required on edge- 
connector pins B28 and B32 respectively. The analog 
signal input is connected to the SMA labeled “T/H AIN” 
which has a terminating resistor R22. When the THC4940 
is used, terminating resistor R19 should be removed. 
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THC1069E1C Silkscreen Layout 
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THC1069E1C A/D Converter Schematic Diagram 


EDGE CONNECTOR 


B28 >——> +15 
B32 >——> -15 
B32 >——> +5 


A1, A12-A32, 
B1, B17, B21 . V 


B14, B19 >——® -5.2 


A3-A11, B12, B13, 


B15, B16, B18, B20, = NO CONNECT 


B22, B25, B29, B31 


B11 
B10 
BS 
B8 
B7 
B6 
B5 
B4 
B3 


R14 
4.75K 
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5ipf 
| \/ R32 R33 fag 51 
U R29 82 130 b 150 15 
5.1K 7 13 
3-410 ‘> 
2000 ge 5 JI g ‘va ff 
R34 
| 130 Le ac 
—A2 2 11 
C24 
R27 1.18 
5.1K C27 | 51 U - V 
4 14 
10KH131 11 
USB a: | C26 
_§? R31 R36 1 
510 510 
NC NC 
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Evaluation Board Pin Assignments Mating Connectors for THC1069E1C 
GND A32 B32 Ve (+5V) AMP 532507-2 Wire-wrap 
GND A31 B31 N/C AMP 532507-1 Solder tail 
NDS a0 Bove V1) Robinson-Nugent  RNE-64BS-W-TG30 Wire-wrap 
GND. A289 B20 .Ne Robinson-Nugent  RNE-64BS-S-TG30 Solder tail 
GND A28 B28 V+ (+15V) 
GND AQ27 B27. D/A QUT- Souriau 8609-264-6115-7550E1 Wire-wrap 
GND A26 B26 D/A OUT+ Souriau 8609-264-6114-7550E1 Solder tail 
GND Ad5 B25 N/C Souriau 8609-264-6813-7550E1 Solder tail, 
GND A24 B24 D/ACONV right-angle bend 
GND A23 B23. D/ACONV 
GND A22 B22 N/C 
GND A21 B21 GND 
GND A20 B20 N/C | 
GND Aj1g B19 Veg (-5.2V) 
GND. AI18 Big N/C 
GND AI17 B17 GND 
GND AI6 B16 N/C 
GND A15 B15 N/C 
GND Al4 B14. Veg (-5.2V) 
GND A13 B13. N/C 
- GND AI12 B12. N/C 
D/AD;MSB_AI1 Bi1 A/D D;MSB 
D/AD2 . Al0 B10 A/D Dy 
D/AD3 AQ B9 =A/DD3 
D/AD4 A8 B8 A/DDg 
D/AD5 A7 B7 A/DDs 
D/AD6 AG BB =A/DDg 
D/AD7 AS B5  =A/DD7 
D/AD8 A4 B4 A/D Dg 
D/ADgLSB AS. B3 A/D DgLSB 
A/DCONV A2 B2 A/DCONV 


GND AT BI 
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THC1069E1C component side layout 
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Ordering Information 


Product — - . : : | | , Package 
Number =| _ Temperature Range ~ Screening. _ Package Marking 
_ THC1069S5B IND - Te =-25°C to 85°C 32 Pin Metal DIP THC1069S5B 


THC1069S5V ~ EXT- Tc =-85°C to 125°C MIL-STD-883 | 32PinMetalDIP ‘| ‘THC 1069S5V 
THCIOB9EIC «= |S STD Ty = 0°C to 70°C | = - | Eurocard PC Board = |_-— THC 1089E1C 


_ All parameters in this specification are guaranteed by design, sample testing, or 100% testing as appropriate. _TRW reserves the right to make changes to products and 
specifications without notice. This information does not convey any license under patent rights of TRW LSI PvE Inc., TRW ne. or others. 


Life Support Policy 


TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
_ to result in personal injury. The user of TRW LS! Products Inc. components in life one ae assumes all risk of such use and indemnifies TRW LSI Products 
Inc. against alldamages.. 
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THC1070 


Complete High-Speed A/D Converter 


10-Bit, 25 Msps 


The TRW THC1070 is a complete analog-to-digital 
converter that combines all the circuitry required to convert 
nign-speed analog signals inte 10-bit digital data at rates 
up to 25 Msps (Megasamples per second). The THC1070 
comprises a wideband input amplifier stage, voltage 
references, and 10-bit flash A/D converter, which make the 
THC1070 very easy to use. The THC1070 offers precision 
gain, linearity and offset performance. 


The THC1070 is housed in a 32-pin hermetic package with 
guaranteed performance over the industrial (—25 to 85°C) 
or military (-55 to 125°C) case temperature ranges. 
Military THC1070s are manufactured in compliance with 
MIL-STD-883C in facilities certified and qualified to 
MIL-STD-1772. 


Features: 


e 20 Msps Conversion Rate, Guaranteed 

e Guaranteed Performance Over All Operating Conditions 
¢ Complete Analog Front-End 

e Requires Only +5 And —5.2 Volt Power Supplies 
e +0.5 Volt Input Range 

e |nput Capacitance Less Than 5.5pF 

e Offset Externally Adjustable 

e Qutstanding Overload Recovery 

e TTL Compatible 

e Overflow Output Flag 

e Industrial Or Military Temperature Range 

e 32-Pin Hermetic Package 


Applications 


Broadcast And Studio Video 
© Medical Imaging 


e Magnetic Resonance Signal Acquisition 


e Radar 
e Digital Oscilloscopes 
e Spectrum Analysis 


Functional Block Diagram 


Voca 


Veco 


V 


TOC1020 [> Dy 49 


VEEA2 21380A 


223 


TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 


Phone: (619) 457-1000 
FAX: (619) 455-6314 


©TRW Inc. 1990 
40G06204 Rev. B — 8/90 
Printed in the U.S.A. 


THCIO7O 


Tl coy 


Pin Assignments 
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32 Pin Hermetic DIP — S5:Package - 


Functional Description 


The THC1070 is a complete 10-bit A/D converter in a. 
hermetically sealed 32-pin package. It has three major 
functional sections: Wideband input amplifier stage, 
voltage reference generators, and a monolithic 10- bit 
flash A/D converter. 


Conversion is initiated (i.e. the analog input signal is 
sampled) by the rising edge of the clock (CONV) signal. 
Data corresponding to that sample is available two clock 
cycles later. The output format is user-selectable between 
binary and two's-complement. 


Power 


The THC1070 requires +5 and —5.2 Volts for operation. 
VCCp (the positive digital supply voltage) and Vcca (the 
positive analog supply voltage) may be from the same 
power source but should be decoupled to ground 
separately as shown in the Typical Interface Circuit. 
The two negative analog supply voltages (VEFA1 and 
VEEA2) may also be from the same power source but also 
should be separately decoupled. Decoupling capacitors 
of 10uF and 0.1uF should be placed as close to the power 
pins of the THC1070 as possible. Small value (0.01 pF) 
decoupling capacitors are inside the THC1070 on each 
power supply input. 


Analog and digital grounds are isolated from each other 


inside the THC1070 to minimize crosstalk and achieve 
optimum performance. It is recommended that the 
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THC1070 be mounted on printed circuit boards with one 


_ solid ground plane used for all ground pins of the THC1070. 


Analog and digital grounds may be kept separate if 


required. by the system grounding plan, however, the 


voltage difference between AGNp and DGND must be kept 
low (within +0.1 Volts). 


Reference 


A precision iiaue rafaicieei is generated within the 
THC1070. The VREF4 and VRFF— outputs have nominal 
voltages of +2.0 and —2.0 Volts respectively, and can be 
used to drive external circuitry that may require a stable 
voltage reference. A potentiometer connected between 
these terminals with its wiper connected to the AQFF pin 
provides a stable method of adjusting input offset voltage. 


~ Analog Input 


The input amplifier of the THC1070 has a non-inverting 
gain of +4 to match the +0.5 input range to the +2 Volt 
range required by the internal 10-bit flash A/D converter. 
An offset adjustment pin, AQFF, is provided for easy 
adjustment of the input to accommodate any 1.0 Volt 
peak-to-peak input range within a —2.0 to +2.0 Volt 
window. ARTN Is the ground reference point for the analog 
input stage and voltage reference generator. It should be 
connected to a low-noise ground point. The input 
impedance of the THC1070 is 1kQ2 from Aj\y to ground. For 
impedance matching and lower noise in all applications, a 
termination resistor should be located as close to the Ajj 
pin as possible. 


Offset Adjustment 


The THC1070 is designed for, and its performance 
guaranteed for, the +0.5 Volt input range. It can easily be 
configured to operate with any other 1.0 Volt peak-to-peak 
input signal in the range from +2.0 to —2.0 Volts by driving 
the AOFF input. Both unipolar positive (0.0 to +1.0 Volts) 
and unipolar negative (0.0 to —1.0 Volts) input ranges are 
possible. 


The AoFF pin provides a high-impedance offset adjustment 
point for the THC1070. Since this offset input is wideband, 
the offset may be varied at high rates and even used as an 
alternate analog signal input. Care must be taken (by 
proper decoupling) in applications where this pin is used to 
inject a DC offset to prevent high-frequency noise from 
being introduced into the THC1070. The voltage present at 
the AGFF pin is amplified with a gain of —3. 
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For normal +0.5 Volt input operation, connect AQFF to Output Format 


ae ol ae co dea pa i The NMINV (Not MSB INVert) control allows the inversion 
Acer to +0.667V A 10K notentiometer SaanCciad of the MSB to provide either binary or two's complement 

' cent: output formats. The THC1070 contains a 5kQ pull-up 
nelween VALE a VAEE= WI IIS WIDER EONNEEIOG TD esi ctot aE NMINY. The NEINV input of theintemal flash 


AOFF will provide a variable DC offset. Decoupling 
capacitors of 0.1 and 0.01pF should be connected from ar ee ae = : . ae eg user. The 
Aorr to ARTN to reduce noise injection into the THC1070. outpUL IS NOt allected by te State. 


Overflow 


Analog Output 
The overflow flag, OVF, originates from the internal flash 
A/D converter of the THC1070. It is synchronous with 
respect to CONV. OVF goes HIGH whenever the voltage 
at the input of the THC1070 exceeds the most positive 
full-scale value. 


The AguT pin allows monitoring of the +2.0 Volt analog 
signal at the flash converter input and is normally left 
unconnected. AQuT is isolated from the flash A/D 
converter input with a series resistor of 470Q. 


CONVert 


The THC1070 requires a TTL clock signal, CONV. The 
analog signal is sampled at tsTg (Sampling Time Offset) 
after the rising edge of CONV. The ten binary and 1 
overflow digital outputs becomes valid after the next rising 
edge of CONV. Data for sample N becomes valid tp after 
the rising edge of the N+1 CONV edge and remains valid 
until tg after the rising edge of CONV N+2 as shown on | 
the Timing Diagram. DNC (Do Not Connect) pins are connected to internal test 
points used in the factory calibration of the THC1070. 
These pins should be left unconnected. 


Data Outputs 


The data and overflow outputs of the THC1070 are TTL 
compatible and are capable of driving four low-power 
schottky TTL loads. Their operation is synchronous with 
respect to CONV. 


Do Not Connect 
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| | PAA | | 
Package Interconnections 
- Signal Signal | 
Type Name Pin 
Power VEEAI Negative Analog Supply 4 
VEEA2 Negative Analog Supply 5 
VCCcD Positive Digital Supply 6 
VCCA Positive Analog Supply | 31 
AGND Analog Ground 23, 30 
[PGND | __—“Digital Ground g 
Reference VREF+ Positive Reference Output 26 
VREF— Negative Reference Output 25 
Analog Input | Ain __—|_Analog Input 28 
ARTN Analog Input Return 27 
Offset Adjust AOFF Input Offset Control 29 
Analog Output AQUT Amplifier Monitor Point 3 
Data Output Dy (MSB) Most Significant Bit porters 19 
a Oe ac aes ere eee lee lina 
i 
a Se 
ae aes eee ee ee 
te ee 
aie eae [ee eae eee ee || See ees | 
a aaa Sea EE: | Se 
NO re se a ee 
D109 (LSB) Least Significant Bit ae 10 
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Figure 1. Timing Diagram 
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Output Coding Table 


Binary Two's Complement 
NMINV=HIGH | NMINV = LOW 


>0.500V 00 0000 0000 
+0.500V 00 0000 0000 
+0.499V 00 0000 0001 
+0.001V 0111111111 
0.000V 10 0000 0000 
-0.001V 10 0000 0001 
—0.499V 11.1111 1110 
—0.500V 11.1117 :1711 
<-0.5V 11.1111 :1911 


Input )) eee D10. D1..... D10. OVF 
Voltage MSB ~~ LSB MSB~ LSB 
1 


10 0000 0000 
10 0000 0000 
10 0000 0001 


11:119711111 
00 0000 0000 
00 0000 0001 


011111 1110 
0111111111 
0111111111 


Notes: 1. Input range = +0.5 Volts. 
2. Voltages measured at code centers. 


Absolute maximum ratings (beyond which the device may be damaged)! 


Supply Voltages 
WE GcIWiea Stree COD Nii) vcs scccrstese cutlets is sauceessos oars ha ctare tvtaet Sic uac eed eeseas tnt ade anit oem eterno teas —0.5 to +7.0V 
VEEA1, VEEA2 (Measured to AGNO) ....sssssessssessesseseesessesesseees inauaernce ula nc ams aes eee Ute SON 
PIG NAIVE SURO TO DGENIT)) sercrrssestcezcreseaacsetcecsnc sects tenccateuctes ted eenesuedeececatocuseses Uaccuedia tua stadt anda sieauaasanstacmmnaeus senarincerosauiat ~0.5 to +0.5V 
Input Voltages2 
CONV CNMINVAM Gastired {0 DN] Dp) svcscnciaeses satin cates cite arccheauenss teas re vemecitd omnia at antartenatteah olen anens Vcc to -0.5V 
PICU ASU GL TOA SINE) eaters cect hota csceconaas Lara ce eee cast le center telcee Mots Recta c th cenenas cu eticntnn he enateaayerr aes meearie yseae vias Ver to Vcc 
Aire CIWIG a SHECU. TOA A IE) cesicses sia cseiccnncvveceassdted ee tasataeantnenccizaaoec tactittan ct avenuiolatnnce tauee ce i ebeelee ete aa Gees ttaeectancn ares VeF to Vcc 
Outputs2.3 
Digital Outputs, Applied Voltage(Measured to DGN))............cccsssesscsssssscsssesssesscessesesesssseesssseesecsesessneaeeenceseeesesnaneeeaeaneetes —0.5to Vcc 
Digital Outputs, Applied Current, Externally Forced ..........c.ccscsssssssscsesssssscessessssesssscsesessseacssssseseseseseeeesssseseseuenensasseaeseasetecsenseseeeas 50mA 
Short-Circuit Duration (Single Output to GND) ou eesessesessesesseseesssesesestsesseeesscees sheatehal Apachicatcamtmnsehatantsamathaecies! Unlimited 
Temperature 
OPT CNEN CS esate eae Ne sas acecscved save es cases dda usa tna dt acabedsbnad Subba ca a cabanas aesanceaeanan ae eit eu een cain eave teed —60 to +135°C 
EE AG, SOLE FIG C0: SOCOM GS) ersesccics seszeatacsicnciesbacst oe eacaisusadieh sea cctpiatats satan lees eeiaes tustaatetatanuaedegsiaren eat a +300°C 
ro Oa 10 (clap rete eoceenee mer atten ee Me pete Pier ete ere VE Cente ree Te On ee Taree ic ven Ye eter EM SL CRT e Te Ree er OnT —65 to +150°C 


Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if Operating 
Conditions are not exceeded. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
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PAA | | 
Operating conditions 
Temperature Range 
| Industrial Extended 
Parameter Min | Nom | Max | Min | Nom [ Max | Units 
Veca, Veco Positive PowerSupply Voltages | _ 475 | 50 | 525| 475| 50 | 55 | Vv 
VEEA,VEED Negative Power Supply Voltage | 49 | -52 | 55 | 49 | 52 | 55 | V 
VCCa-Vecb Power Supply Voltage Differential —0.1 0.0 O01 | -O1 | 00° 0.1 V 
VEEA-VEED Power Supply Voltage Differential | 01 | 00 | 0.1 —0.1 0.0 0.1 V 
PW CONV Pulse Width, LOW ee a Sa ee a 
tPWH____CONV Pulse Wh, HIGH pee 
VIL Input Voltage, Logic LOW ce a ee ae ee 
VIN input Voltage, Logic HIGH OO 
VIN input Votage Range OE 
(AOFF= AGN) ee a 
TC Case Temperature —25 | fe 125 sd 
Electrical characteristics within specified operating conditions 
Temperature Range 
a OM rate 
Parameter Test Conditions Units 
Ice Total Positive Supply Current Vcc = Max tee mA 
IEF Total Negative Supply Current Veg = Max eae | mA 
RIN Analog Input Resistance ARTN Grounded | 980 | 1020 980 a Q 
Vos _ Offset Voltage ee ee ee 
VoL_—_OuinutVotae,togictow [os fos 
VREF+ ReferenceVoltagePositve | =| 8 | ot? | ste | 2 |v 
cl Digital Input Capacitance Ta = 25°C, f= 1MHz oe | oF 
IOS Short Circuit Output Current Vcc = Max, Outputs HIGH, mA 
One Pin Shorted to Ground, 
One Second Duration 
NL Input Current, Logic LOW Vcc = Max, Vj = 0.5V, 
NMINV es 2 —1, - mA 
CONV uA 
NH Input Current, Logic HIGH Vcc = Max, V} = 2.4V, 
NMINV A 
CONV uA 
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ae, Ty oP 
THC1070 itv 
Switching characteristics within specified operating conditions 
| | Temperature Range 
| _ Industrial =| Extended 
Parameter [Max [7 Min [Max | Units 
Fs Maximum Conversion Rate fof wef Msps 
—tsTo Sampling Time Offset | 10 fT ns 
tD Digital Output Delay VEE= Mino = Max ae ae ee ae ns 
iHO__Output Hare Time [vee=Minvoo=Wax [8 ff STC 
System performance characteristics within specified operating conditions 
Industrial Extended 
Parameter Test Conditions | Min | Typ | Max | Min | Typ | Max | Units 
Eg AbsoluteGainError =| | | | TTT kt 
Ei __Uneariy, Integral | ———*i| (| aaa | 02 | | one | os | 
tor __Overload Recovery Time [ion verse fs pe | ns 
BWes _ -3d8 Bandwidth | Full-Scale Input | 30 | 35 | | 30 | 35 | | Mit 
BWss_-3dB Bandwidth | -20dBFsinput | 40 | 45 | | 40 | 45] Miz 
SNR Signal-to-Noise Ratio, | 10MHz  —s| 59 | 505 | S| 58 | 595 | |B 
Fs = 21Msps | 20MHz ss] S| 9 | S| S| S| | 
Sowa _| s6_} so5_} | s¢_| 565 _{ dB 
| 80MHz | 83 | 5H ||| 5H] 
Proof | s | | (s | | « 
Toy “Gancmeoemne tomin ee ee  e a e 
Fs = 21Msps | 2omHz | S| 8 tT 83 | Be 
| | 5oMHz | fas | ft] 
| aoMHz | tte | [|B 
SINAD SNR + Distortion | womez | ht] || | | 
pecans Paomie | os | 7 | | we | || 
Tsomme «| | os | pe | me || 
some «Tw | | dP me we Cd 
Pomme es fe [des ef 
2 
DP___ Differential Phase oe ae Ds ee : 
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Typical Performance Curves 
A. SNR, THD, and SINAD vs. Input Frequency 


70 
65 
60 
55 
dB 55 


457 ‘== SINAD 
40 SAMPLE RATE: 23Msps 


35 


30 
5 1 2 3 4 56 810 
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C. Differential Gain and Differential Phase 


SET VECTOR 
ee eee 
dc 100 ———————_——— DIFF 
jee ee GAIN 
— 0 10% 
H heanaa 8 
yp 00 6 
— aia 4 15% 
r— 0 RSET 2 Bars 
SS ee 
— —-4 
2 —_ 
ee AO cera 
H/o -8 
— —20 —10% 
S 
40 


TRW LSI Products Inc. 


B. Power Supply Current vs. Temperature 


mA 
leg! 


900 


800 


700 


Hee! 00 


500 
400 


300 


-50 83=-25 0 25 50 75 100 8125 


TEMPERATURE °C 
21386A 


231 


A 


THC1070 Trt 


Typical Interface Circuit Careful attention should be paid to power supply a 
decoupling as shown. The use of ferrite beads to aid 


The THC1070 does not have user-adjustable reference. power supply noise rejection is optional 


voltages. The reference voltages of the THC1070 are laser- 
trimmed during the manufacturing process to optimize 
dynamic performance. Should the system design requires a | 
“gain” adjustment for the THC1070, this must be done in The THC1070E1C is a Eurocard-style printed circuit board 
the signal path prior to the Ajj terminal. The Typical designed to optimize the performance of, and to aid in 
Interface Circuit uses a 200Q variable resistor in series —_ the evaluation of, the THC1070 A/D converter. The board 
with the input to the THC1070. When the potentiometer is dimensions are 100 mm x 160 mm with a standard 
centered, the attenuation is approximately -0.8dB and an 64-pin double-row DIN male connector installed. A 
adjustment range of +0.8dB is available. This corresponds © complementary 64-pin double-row DIN female connector 
to a +10% adjustment range for gain. With RT =52.4Q, the _ is included with the board. The circuitry on the board 
total terminating impedance varies from 49.8 to 50.20 as _—_includes the THC1070 A/D converter, a TDC1012 12-bit 
the potentiometer is varied from one end to the other. With D/A converter, provision for an optional THC4940 Track/ 
RT = 80.5Q, the total terminating impedance varies from Hold amplifier and timing generator for generation to the 
74.5 to 75.4Q as the potentiometer is varied from one end __ Track/Hold pulse for the THC4940. 

to the other. If an amplifier drives the THC1070 instead of a 


Evaluation Board 


coaxial cable, no RT Is required. The board employs only two conducting sides. Most of the 
circuit interconnections are on the bottom of the board 
Offset adjustment is also illustrated in the Typical while the top is mostly solid ground plane. SMA | 
Interface Circuit. Here, a voltage divider network connectors are installed on the board to facilitate analog 
comprising two fixed resistors of 9.1 kQ. and a 10kQ |/O and clocks. The board Is calibrated and tested at the 
potentiometer with wiper driving the AFF pin of the factory and is supplied complete with THC1070, TDC1012 


THC1070. This circuit provides a +1 Volt adjustment range — and timing generator components installed. 
for offset. | | 
Power and Ground 


Typical Interface Circuit Only two power supply voltages are required for the 
operation of the THC1070E1C when no Track/Hold is used: 
+5V Vec = +5, VEE =—5.2 Volts. When the optional THC4940 
Out +41.0 is installed, two additional power supplies are required: 


V+=+15 and V— =—15 Volts. All power inputs are 
decoupled to a single solid ground plane, GND. All GND 
pins of the board are connected to the ground plane and 
it is recommended that all GND pins be used. 


A/D Converter Inputs 


A 
ve -10f > "1-10 The clock to the THC1070, CONV, comes from the timing 

0.1 Vege a generator section of the board. The input to the timing 

5 [ow " AGND generator is brought onto the board through the SMA 
Aorr connector labeled “CONV."Bv installing jumper J1, 

CONV is routed through the edge connector on pin B2. 

Terminating resistor, R24 (with J2) is available on the 

a Vere board for terminating the CONV input. The timing 

7 generator provides proper levels and pulse widths to both 

the THC1070 A/D converter and the optional THC4940 

Track/Hold amplifier. 


Denp 


conv Yeea1 Veea2 


“5.2V 21388A 
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The analog signal input to the THC1070E1C is brought 
onto the board by way of the SMA connector labeled 

“A/D Ain. A terminating resistor, R14, is included on 

the board for terminating the analog input signal. 


The AguT SMA location allows monitoring of the analog 
signal within the THC1070 just prior to the internal flash 
A/D converter. The offset of the THC1070 can be adjusted 
by turning DIP switches #2, #3, and #4 ON and switch #1 
OFF and using the UFFSE! potentiometer, R13. UIP switcn 
positions #5 and #6 control the OE\ and NMINV inputs to 
the THC1070. 


A/D Converter Data Outputs and D/A Converter 
Data Inputs 


The ten data outputs of the THC1070 are brought to edge- 


connector pins B11 through B21 (excluding B18). These 
pins are located directly across the edge-connector from 
the corresponding data inputs of the TDC1012 D/A 
converter. 


D/A Converter Inputs 


The clock to the TDC1012, CLK, is normally brought onto 
the board through an SMA connector labeled “CLK” near 
pin 16 of the TDC1012. The clock input to the TDC1012 is 
also brought to the edge-connector pin B24. Resistor R6 
can be used toterminate the D/A CLK signal. 
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D/A converter outputs are brought to SMA connectors 
labeled “OUT+" and “OUT—" as well as edge-connector 
pins B27 and B26. Load resistors of 51.1Q are provided on 
the board to facilitate 50Q cable connection to the board. 


Potentiometer R11 is used to adjust the reference voltage 
to the [DC1012. This voltage is adjusted to —1.0V as part 
of the factory test and calibration procedure. 


Removing the jumper in the tucaiiun iauelred “rr” will 

put the TDC1012 into feedthru (unclocked) mode. This 
eliminates the requirement for a D/A CLK signal, but will 
degrade the fidelity of the [DC1012 reconstruction signal. 


THC4940 Track/Hold Amplifier Option 


A THC4940 may be added to the THC1069E1C just prior to 
the THC1070 A/D converter. When the THC4940 is used, 
+15 and —15 Volt power supplies are required on edge- 
connector pins B31 and B32, respectively. The analog 
signal input is connected to the SMA labeled “T/H Ajyy” 
which has a terminating resistor R18. When the THC4940 
is used, terminating resistor R14 should be removed. 
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THC1070E1C Schematic Diagram 
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THC1070E1C Silkscreen Layout 


D/A CONVERTER BOARD 4@x@59@1 REV. D THEIG?GELC 
ASSEMBLY 4@X@5898 REU. 
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THC1070E1C Evaluation Board Pin Assignments Mating Connectors for THC1070E1C 
GND 32 B82 VE (-1BV) AMP | 532507-2 ‘Wire-wrap 
GND A31 — B3t V+ (+15V) AMP - 532507-1 Solder tail. 
- oe Robinson-Nugent RNE-64BS-W-TG30 Wire-wrap 
OM oe Cee Robinson-Nugent RNE-64BS-S-TG30. Solder tail 
GND A28 B28 D/A OUT+ | , 
GND AQ7 B27. D/A OUT- Souriau 8609-264-6115-7550E1 Wire-wrap 
GND A26 B26 N/C Souriau 8609-264-6114-7550E1 Solder tail 
GND A25 B25 N/C Souriau 8609-264-6813-7550E1 = Solder tail, 
GND A24 B24 D/ACLK a Night-Angle Bend 
GND A23 B23 N/C 
GND A22 B22 N/C 
D/ADIMSB_ A21 B21 A/D D1 MSB 
D/AD2 A20 B20 A/D D2 
D/AD3 = Al9 B19 A/D D3 
GND A18 B18 VCC (+5V) 
D/ADg AI7 B17 A/DD4 
D/AD5 AI16 Bié A/DDs 
D/ADg A115 BI5 A/DDs 
D/AD7 A14 B14. A/D D7 
D/ADg A113 Bi3 A/D Dg 
D/ADg Al2 B12 A/D Dg 
D/ADig_ All B11 A/D D9 LSB 
N/C A110 B10 N/C 
N/C AQ B9 = =N/C 
N/C A8 B8 =N/C 
N/C AT B7 N/C 
N/C AG B6 = N/C 
N/C AS B54 =6N/C 
GND A4 B4 N/C 
GND A8 B3.  N/C 
GND A2 B2 A/DCONV 
GND Al B1 VEE (-5.2V) 


238 


‘TRW LSI Products Inc. 


THC1070 tw 


Ordering Information 


Product 
Number 


THC1070S5B 
THC1070S5V 
THC1070E1C 


Package 
Marking 


THC1070S5B 
THC1070S5V 
THC1070E1C 


IND - Tc = -25°C to 85°C Industrial 32 Pin Metal DIP 
EXT - Tc = -55°C to 125°C MIL-STD-883 32 Pin Metal DIP 
STD - Ta = 0°C to 70°C — Eurocard PC Board 


' a 1‘ . ) Fs Pad e , of ba a! iC: , . ‘ ' , ' ie ore LF TRNALE OID. . 3 yee TMA TI. a Bi Ree en ES 
GHALYES LU PIUUULLS diIU SPELITICAUUIIS WIKHUUL HUGE. THs HUF iidiiUi UUed MUL Culivey daily Huerdse ulider pdient mylis uf TAY Lot Pruducts iie., AVY Uie., Ui Gliers, 


All parameters in this specification are guaranteed by design, characterization, sample testing, or 100% testing, as appropriate. TRW reserves the right to make Qu 


Life Support Policy 
TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 


to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. and TRW Inc. against all damages. 
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Monolithic Video A/D Converter 
7-Bit, 15Msps 


The 1DC1147 ts a 7-bit “flash” analog-to-digital 
converter which has no pipeline delay between sampling 
and vad data. thé Guiput data regisie’ AoOTMaiy TounG 
on flash A/D converters has been bypassed, allowing 
data to transfer directly to output drivers from the 
encoding logic section of the circuit. The converter 
requires only one clock pulse to perform the complete 
conversion operation. The conversion time is guaranteed 


to be less than 60 nanoseconds. 


The 1DC1147 is function and pin-compatible with TRW’s 
TDC1047 7-bit flash A/D converter which has an output 
data register. The TDC1147 will operate accurately at 
Sampling rates up to 15Msps and has an analog bana- 
width of 7MHz. Linearity errors are guaranteed to be 
less than 0.4% over the operating temperature range. 


Features 


e No Digital Pipeline Delay 

e 7-Bit Resolution 

e 1/2 LSB Linearity 

@ Sample-And-Hold Circurt Not Re 
e TTL Compatible 

e Selectable Output Format 

e Available In 24 Pin CERDIP 


fall urad 
Ys 


Applications 


Low-Cost Video Digitizing 

e Medical Imaging 

e Data Acquisition 

High Resolution A/D Converters 
e Telecommunications Systems 
Radar Data Conversion 


Functional Block Diagram 
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Pin Assignments 


Vin 1 24 Vin 
Rp 2 23 Rp 
Acnp 3 22 AGND 
Denn 4 21 Den 
NMINV 5 20 CONV 
(MSB) D, 6 19 D7 (LSB) 
Do 7 18 De 
D3 8 17 Dr 
Dy, 9 16 Vec 
Vec 10 15 NLINV 
Vee 11 14 Ver 
Acnp 12 13 Agno 


24 Pin CERDIP — B7 Package 


Functional Description 


General Information 


The TDC1147 has two functional sections: a comparator 
array and encoding logic. The comparator array compares 
the input signal with 127 reference voltages to produce. 
an N-of-127 code (sometimes referred to as a ‘‘ther- 
mometer code, as all the comparators referred to 
voltages more positive than the input signal will be off, 
and those referred to voltages more negative than the 
input signal will be on). The encoding logic converts the 
N-of-127 code into binary or offset two's complement 
coding, and can invert either output code. This coding 
function is controlled by DC signals on pins NMINV and 
NLINV. 


Power 


The 1DC1147 operates from two supply voltages, + 5.0V 
and —9.2V. The return path for I¢c (the current drawn 
from the +5.0V supply) is Denp. The return path for 
lee (the current drawn from the —5.2V supply) is Agnp- 
All power and ground pins must be connected. 


Reference 


The 1DC1147 converts analog signals in the range 
VRBSViNSVpzq into digital form. Vap (the voltage 
applied to the pin at the bottom of the reference resistor 
chain} and Vat (the voltage applied to the pin at the top 
of the reference resistor chain) should be between 
+0.1V and —1.1V. Vay should be more positive than 
Vap within that range. The voltage applied across the . 
reference resistor chain (Vat-Vpp) must be between 0.8V 
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and 1.2V. The nominal voltages are VpT=O.00V and 
Vap=—1.00V. These voltages may be varied dynamically 


-up to 7MHz. Due to slight variations in the reference © 


current with clock and input signals, Rt and Rg should 
be low- impedance points. For circuits in which the 
reference is not varied, a bypass capacitor to ground is 
recommended. If the reference inputs are varied 
dynamically as in an Automatic Gain Control (AGC) 
circuit, a low-impedance reference source Is 
recommended. 


Controls | 


Two function control pins, NMINV and NLINV are 
provided. These controls are for DC (i.¢., steady state} 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 


Convert 


The TDC1147 uses a CONVert (CONV) input signal to. - 
initiate the A/D conversion process. Unlike other flash 
A/D converters which have a one-clock-cycle pipeline 
delay between sampling and output data, the TDC1147 
requires only a single pulse to perform the entire 
conversion operation. The analog input is sampled 
(comparators are latched) within the maximum Sampling 
Time Offset (tsjg, see Figure 1). Data from that sample 
becomes valid after a maximum Output Delay Time (tp] 
while data from the previous sample is held at the 
outputs for a minimum Output Hold Time (tyg). This 
allows data from the TDC1147 to be acquired by an 
external register or other circuitry. Note that there are 
minimum time requirements for the HIGH and LOW 
portions (tpyyH,. tpyy) of the CONV waveform and all 
output timing specifications are measured with respect to 
the rising edge of CONV. 


Analog Input: | 


The TDC1147 uses latching comparators which cause the 
input impedance to vary slightly with the signal level. For 


optimal performance, both Vij pins must be used and 


the source Impedance of the driving circuit must be less 
than 30 Ohms. The input signal will not damage the 
TDC1147 if it remains within the range of Ver to +0.5V. 
If the input signal is between the VpT and Vpp 
references, the output will be a binary number between 
Q and 127 inclusive. A signal outside this range will 
indicate either full-scale positive or full-scale negative, 
depending on whether the signal Is off- scale In the 


— positive or negative en 
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Outputs 

The outputs of the TDC1147 are TTL compatible, and signal. New data becomes valid after a maximum time 
capable of driving four low-power Schottky TTL (54/74 (tp) after the rising edge of the CONV signal. The use of 
LS) unit loads. The outputs hold the previous data a 2.2 kOhm pull-up resistors is recommended. 


minimum time (tyg}) after the rising edge of the CONV 


Package Interconnections 


Signai Signai 
Type Name Function Value B7 Package Pins 
Power Positive Supply Voltage 10, 16 
VEE Negative Supply Voltage 11, 14 
Denp Digital Ground 4, 21 
AGND Analog Ground 3, 12, 13, 22 
Reference Reference Resistor (Top) 0.00V 2 
| RR Reference Resistor (Bottom) —1.00V 23 
Controls NMINV Not Most Significant Bit INVert TTL 
NLINV Not Least Significant Bit INVert 15 
Analog Input VIN Analog Signal Input OV to —1V 1, 24 
Outputs | Dy | MSB Output TTL 6 
a eer a es ees 7 
Cie ies a ee 
ee Ns ee ee ee ee 3 
5S i 
a ee 18 
LSB Output TTL 19 
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Figure 1. Timing Diagram 
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Absolute maximum ratings (beyond which the device may be damaged) | 


Supply Voltages 


W pope Aruba Lar ot AyD ea ecstatic adnate ceva ava abasic al de eh Rc ade -0.5 to +7.0V 

Vee) ITT ASUP OC TO: con passes adeactnuntocttoanes tubes cob sGitesansecvsva en taertduesein danteogeedddachutdbl nah deoc oti flpnoe Saibaba uit sbheoatalihetps +0.5 to -7.0V 

AGN) MeaSsUlG0 107 Danii) castcntinas ie watececti ola onareatmnebcinnelamiilidanaunwou dai. Eee seicbastcaadi shen teeta sada cddveearsias -0.5 to +0.5V 
Input Voltages 

CONV, NMINY, “NEINY ‘(measured to: Daeg): istscsvezesccansavtnsscoevedetusssostaentsezesewdirs stabs esteseanpstetatunn detest denobhitaniopeaitacaden boon -0.5 to +5.5V 

Vin, Vat. Vap (measured to Agno) culenesGote Dee Raitt ta secs Sh ol aes oe cal igh acc ne ao eet AU so Bk taal ate te Ot ah Hats tel et hat oo oe tan +0.5 to Ver 

N pop (TI TSUN: NON ye castes ccc tts Soee ceca cotaacp cadet aan susan oepdanecaar tuations casted hail Glneesesadb tes +2.2 to -2.2V 
Output 

Applied: voltage: (maastired) to: .Dpepjry) sscsississacssecsseaseonstuatosvveiowsten ied mpestbv ates utescosbelazevucetuoshecoslebotscatvaensecuakoatssoneatbanbalt ndnidaokell -0.5 to 5.5V2 

Applied CUrrert:: @Kterrallly FORCE: 5. sstscausevasvecatocnvssta weapon wevstaiadasSeasusesoatu anrtest eee cwbaseabdiodl pteabanaa Lcaliy thos sadienesrateantteaaeaueonecaiondliat taunts -1.0 to 6.0mA3.4 

Short circuit duration (single output in high state to Ground) ........sccsssssssssscssssessssseessseeecsssseessseesssssessssecsssssessssssessssecesssssoessssseessssseessseeesssetessanseessoneeesses 1 sec 
Temperature 

CRF eAINEG, 5 CSE ascstecic ach vies teh cosans seas cnzmcaeass seer an sh cecatanse telco dose tac tee eden bute navn BS chases mia ca cape dea gadeaa oho ~§5 to +125°C 

junction ............ Er sidan ee Sos seb ates stg esses acon eeaagins esta RNase ics evga adn t sana bas ona (Go abs cao OU a vests oP Raia DS GTS +175°C 

[seabed SiaTCHS PAT VAD) SECT NTS) ccs Sevautecsotpvonncvtoeavse es evbutevssscxpeosevas stout tvxsss ese conan usenet veo esans gv vaaeudtmavaenkegeveotttosaacalt aodiestna aaeeone aan hansodiele +300°C 

SU FeAUM ea assecsces essa so soap sovscctcda ck gpess os vsucakcms tates ceeucUtsovsssis oceus uti sata vr auasbeasseclas tose tole ov yobs tepsaa vob ia obstucea cares aces os wullain/alaavs auacresensaenaeioeans -65 to +150°C 
Notes: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as positive when flowing into the device. 


Operating conditions 


Temperature Range 


Parameter Test Conditions 


|F 
~ 
an 


< 
a 
[es] 


Vec Positive Supply Voltage (measured to Deny) 
VEE Negative Supply Voltage (measured to Agnp) 
VAGND Analog Ground Voltage (measured to Dep) 


tpwL CONV Pulse Width, LOW 
tpwH CONV Pulse Width, HIGH 


Vit Input Voltage, Logic LOW 
Vin Input Voltage, Logic HIGH 


ho 
= 
3 

> 


loL Output Current, Logic LOW 
Output Current, Logic HIGH 


Vat Most Positive Reference Input | 
Vep Most Negative Reference Input | 
VeaT-Vrp Voltage Reference Differential 


I 
—, ah 
: : : 
<= 


=— 
= a 


VIN Input Voltage Vap rer Vet VaT 
Th Ambient Temperature, Still Air a ae oe ae °C 


z 
oO 
Comal 
o 
— 


. Vay must be more positive than Vpp, and voltage reference differential must be within specified range. 
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Electrical characteristics within specified operating conditions 


Parameter 


lec Positive Supply Current 
leg Negative Supply Current 


Iper Reference Current 


Ree Total Reference Resistance 


Rin Input. Equivalent Resistance 
Cin Input Capacitance 

Icp Input Constant Bias Current 
Nit Input Current, Logic LOW 
ly Input Current, Logic HIGH 


\ Input Current, Max Input Voltage 


Vor Output Voltage, Logic LOW 
Vou Output Voltage, Logic HIGH 


las Short Circuit Output Current 


C Digital Input Capacitance 


Test Conditions 


Voc = Max, static! 


Max, static | 
= 0°C to 70°C 


Te = ~55°C to 125°C 
Te = 125°C 


Vet, Vag = Nom 


Vat: Vag = Nom, Vin = Vp 


Ver = Max 


Veg = Max, Vj = 0.5V CONV 
NMINV, NLINV 

Veg = Max, Vy; = 2.4V 

Vec = Max, Vj = 5.5V 


Vec = Min, Ip, = Max 
Vec = Min, loH = Max 


Vec = Max, one pin to ground, 
one second duration. 


Ty = 25°C, F = IMHz 


1. Worst case, all digital inputs and outputs LOW. 


Switching characteristics within specified operating conditions 
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Parameter 


Fo Maximum Conversion Rate Vec = Min, Veg = Min 
tsTg Sampling Time Offset Vec = Min, Veg = Min 


tp Output Delay 
to Output Hold Time 


Test Conditions 


Vec = Min, Veg = Min, Load 1 
Vec = Max, Ver = Max, Load 1 


ae Baw 

HAIN 
Tin [Mx [Min [Max | Unt 
a ee ee 
| | w | | | 
a 
ee 
| «| | wo [ m 
es ee ee ee 
ee 
ee es 
es ee ee ee 
[a 
ee 
ee es ae es 
ee 
_i*] itl" 
es ee 
Win Mx [in [Max | Units 
ee ee ee ee 
a a 
ee ee ee ee 
a 
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TAA f | 
System performance characteristics within specified operating conditions 
Temperature Range 
Parameter Test Conditions | Min | Max | Min | Max | Units 
EV Linearity Error, Integral Independent Vet. Vag = Nom aS ae Ss % 
Ep Linearity Error, Differential a eee % 
cS Cae Si Var ag = Nam Noni 
VoT Offset Voltage, Top Vin = Vet +50 +50 mV 
Vop Offset Voltage, Bottom Vin = Yep a ae -30 mV 
Tog _Tenperte Costin a a ee 
transom Reon, fuse | Et Ts 
SNR Signal-to-Noise Ratio 7MHz Bandwidth, a a a 
2OMSPS Conversion Rate | =| | 
Peak Signal/RMS Noise 1MHz Input ee eee ee ee dB 
TMHz Input a ee eee: 
RMS Signal/RMS Noise IMHz Input ee ee ee ee Ge: 
fap __ Aver Er ee ee eee 
DP Differential Phase Error | Fe = 4 x NTSC eee (en 7c |) ee Degree 
DG Differential Gain Error' Fg = 4 x NTSC re ee 
Note: 
1. In excess of quantization. 
Output Coding 
Binary Offset Two's 
Complement 
-1.00V FS NMINV = 1 | 1 
NLINV = 1 0 
0.0000V 0000000 1111111 1000000 0111111 
-0.0078V 0000001 1111110 1000001 0111110 
e e 
e e 
e e 
-0.4960V 0111111 1000000 1111111 0000000 
-0.5039V 1000000 0111111 0000000 1199111 
e e 
e @ 
e e 
-0.9921V 1111110 0000001 0111110 1000001 
- 1.0000V 1111111 0000000 0111111 1000000 
Note: 
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1. Voltages are code midpoints. 
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Calibration 


To calibrate the TDC1147, adjust Vay and Vpp to set the 
Ist and 127th thresholds to the desired voltages. — 
Assuming a OV to —1V input range, continuously strobe 
the converter with —0.0039V (1/2 LSB from OV) on the 
analog input, and adjust Vat for output toggling . 
between codes 00 and 01. Then apply —0.996V (1/2 
LSB from —1V) and adjust Vpap for toggling between 
codes 126 and 127. 


The degree of required adjustment is indicated by the 
offset voltages, Voy and Vop. Offset voltages are 
generated by the inherent parasitic resistance between 
the package pin and the actual resistor chain on the 
integrated circuit. These parasitic resistors are shown as 
R; and Ra in the Functional Block Diagram. Calibration 
will cancel all offset voltages, eliminating offset and gain 
errors. 


The above method for calibration requires that both ends 
of the resistor chain, RT and Rp, are driven by variable 
voltage sources. Instead of adjusting Vay, RT can be 
connected to analog ground and the OV end of the 
range calibrated with an input amplifier offset control. 
The offset error at the bottom of the resistor chain 
Causes a slight gain error, which can be compensated for 
by varying the voltage applied to Rp. The bottom 
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reference is a convenient point for gain adjust that is not 
in the analog signal path. 


Typical Interface Circuit 


Figure 5 shows an example of a typical interface circuit 
for the TDC1147. The analog input amplifier is a bipolar 
wideband operational amplifier, which is used to directly 
drive the A/D converter. Bipolar inputs may be 
accommodated by adjusting the offset control. A zener 
diode provides a stable reference for both the offset and 
gain control. The amplifier has a gain of —1 providing 
the recommended 1Vp-p input for the A/D converter. 
Proper decoupling is recommended for all supplies, 
although the degree of decoupling shown may not be 
needed. A variable capacitor permits either step response 
or frequency response optimization. This may be replaced 
with a fixed capacitor, whose value depends upon the 
circuit board layout and desired optimization. 


The bottom reference voltage, Vpp, is supplied by an 
inverting amplifier, followed with a PNP transistor. The 
transistor provides a low-impedance source and is neces- 
sary to sink the current flowing through the reference 
resistor chain. The bottom reference voltage can be 
adjusted to cancel the gain error introduced by the offset 
voltage, Vop, as discussed in the Calibration section. 
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Figure 5. Typical Interface Circuit 
+5V 
L1 , C1 10, 16 
FAIR- RITE 10 0F R13 
920 2743001111 C1 25V Vec 2.2K 
1—6pF VARIABLE 6 
RI’ D, (MSB) 
VIDEO 
INPUT \Y " . 
cae é 1KQ 2K © 
R7 
1K G2 V j 
ca 
‘ : 0.1 uF 
sOaE BOV TDC1047 
U4 MULTITURN POT R6 
C3 LM313 2K Q 
10uF ,| REFERENCE MULTITURN POT 10 1 
a U2 3 | 272 28 
50V a 
AGND 
RT 
iia FAIR—RITE 
1K 2743001111 
R R18 
2.2K 
bg [8 
DGND | 
D, (LSB) | 
5 
NMINV 
15 
CLK CONV NLINV 
VEE 
11,14 
-5.2V mel 
C2 
70 uF 
25V 
Notes: 
1. Unless otherwise specified, all resistors are 1/4W, 2%. 
1000 R2 
2. RI = 2) -|————— 
1000 + R2 
1 
3. R2 = ae ae 
( Range }-ao0 
VReF ZIN 
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Ordering Information 


Product 
Number 


TDC1147B7C 
TDC1147B7V 


Temperature Range Package | Package 

Marking 

—STD-Ta=0°C to 70°C Commercial 24 Pin CERDIP 1147B7C 
EXT—Te= —55°C to 125°C MIL-STD-883 24 Pin CERDIP 1147B7V 


All parameters contained in this specification are guaranteed -by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI poner Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC1175 


Advance Information 


Monolithic CMOS A/D Converter 
8 Bit, 30 Msps 


The TMC1175 is a two-step CMOS analog-to-digital converter 
with an integral track-and-hold amplifier. It converts an analog 
signa! with full-oower bandwidths of 7 MHz inte an 8-bit data 
stream at rates up to 30 MegaSamples Per Second (Msps). 
This conversion rate is sufficient for sampling video signals at 8 
times the NTSC, PAL, or SECAM subcarrier frequency. 


The TMC1175 comprises an integrated track-and-hold 
amplifier, two quantizers, a reference voltage generator, and 
digital encoding logic. The T/H holds the input signal stable 
while the coarse quantizer estimates the input value. The 
references of the fine quantizer are then set to bound this initial 
estimate and the fine quantizer completes the conversion. An 
on-chip reference source is provided for medium-performance 
applications: alternatively, an external reference may be used. 


The two-step architecture, implemented in TRW’s Omicron-C™ 
1uCMOS process, results in low 200mW power dissipation. 
Operation is controlled by a single CONVert signal. All digital 
inputs and outputs are TTL compatible. 


Features 


e 8-Bit Resolution 
e 30 Msps Conversion Rate 
e internal Track/Hold 


© 7 MHz Full Power Bandwidth 

e Linearity Error Less Than +1/2 LSB 
e 0.5° Differential Phase 

© 1% Differential Gain 

@ Single +5V Power Supply 

© 200mW Power Dissipation 

e Three-State TTL Outputs 

e TIL/CMOS Compatible 

e Low Cost 


Applications 


e Digital Television 

e Ultrasound Systems 

e High Speed Data Acquisition 
e Video Frame Grabbers 

e Image Scanners 


Associated Products 


e 7DC1041 D/A Converter 
e TDC4614 Reference/Amplifier 
e TMC2242 Half-Band Filter 


Simplified Block Diagram 


TRACK 


Vin AND 
HOLD 
. D 
DIGITAL PX Po7 
R+ COMBINING 
Ry CIRCUITRY 
Re AND 
R- ERROR 
CORRECTION oE 
CONV 24115A 251 
TRW LSI Products Inc. Phone: (619) 457-1000 ©TRW Inc. 1990 
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La Jolla, CA 92038 


Printed in the U.S.A. 
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THC1200 


Dual-Range High-Speed Analog-to-Digital Converter 
12-Bit, 8 Msps 


The THC1200 is a complete 12-bit 8 Msps (Mega-samples- Features 
per-second) analog-to- digital converter that includes all 
the circuitry required to digitize signais within a UC to 
35MHz band. The THC1200 features two user-selectable  ® !wo User-Selectable Input Voltage Ranges 
input voltage ranges which give the A/D converter alarge = © Analog Input Ranges: +2.5 and +0.167 Volts 
dynamic range. With its two-step architecture, the © Input Signal Bandwidth >30MHz 

THC1200 achieves a very high conversion rate and superior 
performance. The device contains a wideband input 


e Conversion Rate DC To 8 Msos 


A 


e No Missing Codes, Guaranteed 


amplifier, a precision track/hold, analog-to-digital e SNR = 62dB At 8 Msps With 2.5MHz Input, Guaranteed 
quantizer, voltage reference, precision timing generator e TTL-Compatible Input And Three-State Outputs 
and registered three-state TTL output drivers. © 46-Pin Metal DIP 


The THC1200 offers significant advantages over previous * Evaluation Board (THC1200E1C} Available 


converter boards in space efficiency, ease of use, power Fo, 262 
dissipation, DC and AC performance, reliability and Applications 
flexibility. apada 


e Data Acquisition Systems 


Designed to meet demanding requirements, the THC1200 Digital Oscilloscopes 


is housed in a 46-pin hermetically sealed dual-in-line 


package. Specified performance is guaranteed over the ¢ Medical Imaging 
industrial (—25 to 85°C case) and extended (-55 to 1250C © © Communications 
case) temperature ranges. Military-grade parts are in e CCD Digitization 
compliance with MIL-STD-883 and are manufactured in a = peanniar 
facilities certified and qualified to MIL-STD-1772. ania 


e Forward-Looking InfraRed Systems 
e Focal Plane Arrays 


Functional Block Diagram 
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Pin Assignments 


GND, CASE 
RANGE 
Voca 
DNC 
DNC 
VEEA 
DNC. 
DNC 
D, (MSB) 
Dp 
Ds 
Dy 
Ds 
Dg 
Dy 
Dg 
Dg 
Dio 
Diy 
D4> (LSB) 
Veep 
DR 
GND 


ee ee ee ee ee ee ee ae 9 : 
oo ao nr onaomer won" Oo 8 Oo 1 OD NO BP WwW PD ~~ 


06060000 5OO0 00600666500 


PR 
pot) 


46-Pin Metal DIP, S3 Package 


46 ARTN 
45 Aw 
44 V+ 
43. V- 
42 VEEA 
41 DNC 
40. DNC 
|} 39 DNC 
| 38 DNC 
37 DNC 
36 DNC 
35 GND 
34 (V+ 
33. V- 
32 GND 
31 VEED 


30 Voca 
29 DNC 


28 DNC | 
97 DNC 
96 GND 
25 OE 

24 CONV 


00000 0000000 00000000000 
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Functional Description 


General Information 


The THC1200 is a complete 12-bit 8 Msps A/D converter 
that features a wideband input amplifier, precision track/ 


hold, voltage reference, timing circuitry and a three-state 


digital output register all housed in a 46-pin hermetic 
DIP. Input voltage ranges of +2.5 and +).167 Volts are 
selectable by way of a single TTL-compatible input. The 
THC1200 employs a two-step analog-to-digital converter 
architecture and proprietary components to achieve a 

8 Msps conversion rate and superior performance. The 
THC1200 is guaranteed to meet all specifications without 
additional adjustment or calibration. Additional 
information on applying the THC1200 is found in TRW 
Application Note TP-45, “Designing with the THC 1200 
A/D Converter Family.” 


Three-state TTL-compatible outputs permit the THC1200 to 
drive a shared data bus directly. Data emerges from the 
THC1200 synchronously with respect to CONV. The digital 
output corresponding to the sample of the analog input 
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signal is valid after the rising edge CONV. The THC1200 
provides a 12-bit two's-complement digital output as 
indicated in the Output Coding Table. 


Power and Ground 


The THC1200 requires four standard power supplies for — 


operation: Veca = Vecp = +5V, VEEA = VEED =—5.2V, 


V+ =+415V, and V-=—15V. Linear regulated power 


supplies are preferred over switching power supplies for 
optimum performance. All power supply inputs to the 
THC1200 should be properly decoupled. 


Separate analog and digital grounds are maintained within 
the the THC1200, but no distinction is made at the package 
pins. For optimum converter performance, all ground pins 
should be connected to a common solid ground plane. 
Wire-wrap breadboarding techniques are not | 
recommended for use with this high-speed high- precision 
analog-to-digital converters. TRW LSI Products Inc. 
Application Note TP-45, “Designing with the THC1200 
A/D Converter Family’ is recommended for additional 
information on using the THC1200. . ai 
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7 AIX 


Analog Input and Analog Input Return 


The two input voltage ranges of the THC1200 are: —2.500 
to +2.500 Volts and +0.167 to —0.167 Volts. This results in 
a Least Significant Bit weight of 80 microvolts in the 
smaller range, giving the THC1200 an overall dynamic 
range of nearly 96dB. A 1kQ thin-film resistor is 
connected between Ajj and ARTN and is provided for 
termination of analog input signals 


ARTN Is the internal ground reference point for internal 
analog circuitry and voltage references within the 
THC1200. In normal operation ARTN should be connected 
to signal ground where the analog Input signal connection 
is in close proximity to the THC1200. Arty should also be 
connected to power supply ground. 


RANGE 


The RANGE input selects which of the two analog input 
voltage ranges the THC1200 is to use. When LOW, the 
input range of the THC1200 is 5.0 Volts peak- to-peak, 
centered around zero Volts. When RANGE ts HIGH, the 
analog input voltage range Is 0.333 Volts peak-to-peak, 
centered around zero Volts. 


CONV 


Each rising edge of the CONV signal initiates conversion 
(See Timing Diagram). The THC1200 operates 
independently of the duty cycle of CONV as long as tpyH 
and tpyw| limitations are not exceeded. 


CONV clock jitter, tej, must be minimized in order to 
optimize performance. Time errors in sampling a high slew 
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rate (large AV/AT) signal appear as voltage errors in the 
conversion. The high-speed and precision of the THC1200 
may reveal system timing errors (jitter) that would not be 


apparent with lower resolution converters (see TP-45). 


Data Outputs and Output Enable 
The 12 TTL-compatible data outputs (D}—D77) provide 


two’s-complement data as shown in the Output Coding 


Table. The cutout data becomes valid to after the risin 


fa) 


i] 


edge of CONV, and remains valid until tyo after the next 


rising edge of CONV. D1? Is the least significant bit. 


The output drivers become disabled (high-impedance) 
within tp|S after the asynchronous input OE is switched 
HIGH. The outputs are enabled within teNA after OE is 
switched LOW. 


Data Ready 


A Data Ready output is provided which may be used to 
control the registering of data from the THC1200 into 
storage devices following in the data path. DR Is 
generated within the THC1200 by inverting the CONV 


signal. As long as the user operates the THC1200 within 
the tpyWH and tpyy_ limits on CONV, the rising edge of DR 
will occur when output data Is valid and therefore can be 
used as the clock input to positive edge-triggered storage 


devices. 


Do Not Connect 


DNC pins are used in factory calibration and must remal 
unconnected. 


n 
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36, 37, 38, 39, 40, 41 


a7 agXtvy 
Package Interconnections | a 
Voca Positive Analog Supply 3,30 
Vecp mi Positive Digital Supply 21 
VEEA Negative Analog Supply 6, 42 
— VEED Negative Digital Supply 31 
V+ | Positive Supply 34, 44 
— AIN Analog Input see text 45 
ARTN Analog Input Return 46 
RANGE Range Control Input “2 
D, (MSB) Most Significant Bit 9 
D2 es 
r es ee ee 
D4 ee ee 7 
05 So i 
06 nna (ARNON. (PE 
0 E 
05 ee 
09 aa (SL (Bea, 
D10 ee ea teate eter, tates oon ceiifie ee ee eel 18 
of ot 18 
Dy2 (LSB) Least Significant Bit 20 
DR Data Ready Output 22 
OE\ Output Enable Control 25 
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Output Coding Table 


Input Voltage Digital Outputs 


(Code Midpoints) MSB LSB 
RANGE=LOW RANGE =HIGH 

+2.5000 +0.16700 1000 0000 0000 
+2.4988 +0.16692 1000 0000 0001 
+2.4975 +0.16684 1000 0000 0010 
+0.0024 +0.00016 1111 1111 1110 
+0.0012 +0.00008 1111 1717 1111 
0.0000 0.00000 0000 0000 0000 
—0.0012 —0.00008 0000 0000 0001 
—0.0024 —0.00016 0000 0000 0010 
—2.4963 —0.16676 0117 1117 1101 
—2.4975 —0.16684 0111 1111 1110 
—2.4988 —0.16692 0111 1711 1111 


Notes: 1. For RANGE = HIGH, 1 LSB Step size = 0.330 / 4095 = 80.6uV. 
2. For RANGE = LOW, 1 LSB Step size = 5.000 / 4095 = 1.22mV. 


Figure 1. Timing Diagram 


SAMPLE SAMPLE SAMPLE SAMPLE 
N N+1 N+2 N+3 


tsTo 


ANALOG 


INPUT 
1 tpWH tpwL 
Fs 


CONV 
'p 
i | | 
OUTPUT | XXX DATAN -2 DATAN -1 XXX DATAN XXX DATAN +1 


| ; 'ENA 
| eos) DIS 
HO 


OE 
| | 21302A 
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Figure 2. Simplified Analog Input Equivalent Circuit | Figure 3. Standard TTL Test Load 


Vec | 


Aptn “5.2V 21303A 40pF 


LOAD 1 = 
TEST LOAD 

FOR DELAY 

MEASUREMENTS 211994 | 


Absolute maximum ratings (beyond which the device may be damaged)! 


Supply Voltages 
VG sssceaes dp cscs eens Sect tctctias seta coe agseheta Pee rmeeccen a bvataventee orvecst aaa eva etee esta eetseener m ouRnmete -0.5 to +7.0V 
WEE secachsesusiayosice ee pea stance ursccasesa suse vaeacasasozostiate cash ae naa te nates footer aaa ataesteliiadea le cts nantaustesha suaemsaies —7.0 to +0.5V 
resets cat ah aatce catastpeuceaesdsticstcs estan ane sae tce dts Peek cen tal ch fates tt tie ttt a Seldon el fe cecren cea ctihs aici seit a ate —0.5 to + 18.0V 
Meester sata cin acextsdany sacs aah seasgo iyo cetea aimless eee adnate eas eateries secduepiasaaeoba den teacen eg una ueaus tanner oumearinn —18.0 to +0.5V 
Input Voltages 
PRU sasesseces ais ecees fsa hc scab ta ees ead coasts baceeb vad deecauhecasanh cae n eta ca uuoea bapa deca teveraa sp eatenadivtuus ovate ebecas vaste unacet +8.0 to -8.0 
A OINV OE sazaccases turn caseiasspovceseaedassdtnausa ciecen ta tanistespencicectiis fas tse teaaahoiscaaonrieatend ava ncmamteastioaatnatitaeasaueatoncias -0.5V to Vcc 
Outputs 
Digital Outputs, Applied Voltage? ..........cucesssssssssssssscsssecsssesssessssssssesssssssecssseesssessssesssessssessesssssesssassssssesssusssstessueesstessesssenees -0.5V to Vcc 
Digital Outputs, Applied Current ..........ccsssssssssssssssssssssssssssssssssseesssesssssssssssssvessssssssssesesssssssssssessssnsessssssssssssssssssssssseesessseassssee 100mA 
Short-Circuit Duration (Single Output to Ground) ..............ccssessssesssssesssssesscsssssssessessessesseesessessessessucsecsecescenessesseatesessssssecsessnsseansess 1 sec 
Temperature 
OCT AE CAS ses cicgesviscesesestsuszzuug th nnezissovss ce bce itestacaaaseeas tues te Duueaaceausseua eagzsbcnassieudteoacnsesdeusonadelie aduunaesea bas tencantiens —65 to +130°C 
LG ad, SOIMETIFG FIO SOCOMAS) :cicsscsessscvsasavaccisceccdccardehedvesesesccuteAcevscctocdvincecabusuacssshansehiecd chudssa uses) gittaviand olnoatteawnniantacdoea as ued +300°C 
SOLIDE GG sacha coce sare Gas ehcaas saved saadevotivnassabves ines se sudo cea uctonshenbvagncenSebvncsacatba sbetoasoasgn ee censgpaszemanevsansoatopee@atneh glares —60 to +150°C 


Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating Conditions are not 
exceeded. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
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Operating conditions 


Vc Positive Supply Voltage ee ae ee ee a ee 
VEE Negative Supply Voltage aso sz Tt 
V+ Positive Supply Voltage Ls V 
tPWH CONV Pulse Width HIGH ee |e eee 
tPWL CONV Pulse Width LOW a ae ns 
ViL Input Voltage, Logic LOW ee ee ee ee 
AIN Analog Input Range, —2.50 +2.50 V 
RANGE = LOW 
AIN Analog Input Range, —0.167 +0.167 V 
RANGE = HIGH 
Tc Case Temperature, B-grade ee eee ae ae ee 
Te Case Temperature, V-grade ee es DO 
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Electrical characteristics within specified operating conditions 


_ Temperature Range 


Parameter | —_— "Conditions ee Units 
Icc. Total +5V Power Supply Current! lass | =| 600 | |e mA 
IEE Total —5.2V Power Supply Current’: -315 | | 640 | | 840 mA 
I+ Total V+ Power Supply Current). | 150 | | .400 | ~—=+| 400 | mA 
I- Total V- Power Supply Current! — 190 | | 400. | —400 mA 
Pp _ Total Power Dissipation2 P95 f | a7 P| 13.7 Ww 
IM Input Current, Logic HIGH a ee ee 
VOH Output Voltage, Logic HIGH eae i ee ee 
IOZH Output Leakage Current, Logic HIGH|OE=HIGHVon=24v | S| S| 50 | | 50 | pA 
IOZL_Output Leakage Current, Logic LOW | OE=HIGHVoL=0.7V ss | S| S| 80 | | 350 | pA 
los Short Circuit Current . Pee —30 om mA 
CIN Input Capacitance a ae eS ee ee 
VeFp1 Full-Scale Positive Input 2.5 . 


” 7 = 

VFN1 Full-Scale Negative Input A\N at 1/2 LSB below most —2.50 | -2.45 | -2.55 } -2.45 | -2.55 V 
negative transition, RANGE = LOW 

VFp2 Full-Scale Positive Input Ain at 1/2 LSB above most 0.167} 0.157} 0.177 | 0.157 | 0.177 V 
positive transition, RANGE = HIGH 

VEN2 Full-Scale Negative Input An at 1/2 LSB below most —0.167] —0.157 | -0.177 | —0.157|-0.177 V 
negative transition, RANGE = HIGH . 


Notes: 1. Typical values are the statistical average of actual measurements taken over the Operating Temperature Range. 


2. Typical value is calculated from typical power supply currents and maximum power supply voltages over the Operating Temperature Range. Maximum 
values are calculated from measured maximum currents and maximum voltages over the Operating Temperature Range. 
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Temperature Range 


Switching characteristics within specified operating conditions 
Industrial 


| Military | 
Parameter Typ | Max | Min | Max | Units 


sg ammtowimme ft | 

tsTo Sampling Time Offset RANGE = LOW | f -20 | 40 | -20} 40 | ns 

tsTQ Sampling Time Offset RANGE = HIGH | [1.0 | -17.0 | -11.0) -170 | ns Cu 
50 50 


ips Data Cuitput Delay Time CLOAD = 20pr Max ns 


tHo Data Output Hold Time CLOAD = 50pF Max ar 
tENA Output Enable Time CLOAD = bOpF Max dl 
tp|S Output Disable Time CLOAD = 50pF Max of 
toR1 Overload Recovery Time VIN = 2x Full-Scale Pd 


toR1 Overload Recovery Time VIN = +8V 4 4 Us 


Thermal Characteristics 


delta Tyc Junction-to-Case Temperature Rise Worst-Case Power Dissipation 2G 


thetaca Case-to-Ambient Thermal Resistance in Still Air °C/W 
with 500 LFPM Airflow °C/W 
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System Performance Characteristics 


| | Temperature Range 
Parameter Typ Min 


EL Integral Linearity Error Independent based i 
~ E_p __ Differential Linearity Error fs = 8 Msps, fj = 2.5MHz +0.6 
SNR Signal-to-Noise Ratio fs = 8 Msps, fin = 2.5MHz a 


VIN is 1dB below Full-Scale 
RANGE = HIGH 


fs = 8 Msps, fi = 2.5MHz 
VIN Is 1dB below Full-scale 
RANGE = LOW 


— 
= 
= 
“ 


Qa. 
CO 


SFDR Spurious Free Dynamic Range fs = 8 Msps, fjN = 2.5MHz 
VIN ts 1dB below Full-Scale 
RANGE = HIGH 
fs = 8 Msps, fjN = 2.5MHz 


ed 
Po 
VIN is 1dB below Full-Scale - 


Qa. 
1s 8) 


NO Oo oD fo) 
ol NO No RO 


RANGE = LOW 


Qo. 
=) 


| IMD ——Intermodulation Distortion | fs=8 Msps, fin1 = 2.4MHz 
- | f{N2 = 2.45 MHz, each input 
signal is 7dB below Full-Scale 


o> oD ao 
BRO NO RO 
Qa. 
13s) 


BW -3dB Analog Bandwidth VIN = 0.330 Volts p-p, 
RANGE = HIGH 
VIN = 5 Volts p-p, 
RANGE = LOW 


Ee 
on 
— Ss 
i <— 
N N 


Eap Aperture Jitter 
SC Spurious Codes 
MC Missing Codes 
EG Gain Error | 


casas | 


Vos1 Offset Error A|N at Mid-Scale code transition, +5 +5 %FS 
RANGE = HIGH 
Vos2 Offset Error AN at Mid-Scale code transition, 


RANGE = LOW 


PSR; Power Supply Rejection V+, V- 
PSR2 Power Supply Rejection Vcc, VEE 


ie [| 
= 
a 
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Definitions IMD (Intermodulation Distortion) _ | 
SNR (Signal-to-Noise Ratio} The ratio, expressed in decibels, of the 


The ratio, expressed in decibels, of the RMS largest output frequency spur to either of the 


level of the output signal to the RMS level of | paid cage seve nO utpar wungamie nas 
the in-band noise. This noise is measured 
with the signal present and excludes 
harmonic distortion products. 


~- tTR (Transient Response Time) | 
The time required to begin returning accurate 
data after a full scale input voltage step 
whose initial and final voltages are within 
the analog input range. trp is an analog 
domain parameter and excludes pipeline 
latency. 


HD (Harmonic Distortion) 
The ratio, expressed in decibels, of the 
second harmonic of the output fundamental 
to the RMS level of the output fundamental. 


toR (Overload Recovery Time) 
The time required to begin producing 
~ accurate data after the input voltage returns 
to the allowable range, following an 
excursion to 200% of either full-scale limit. 
tOR is an analog domain parameter and 
excludes pipeline latency. 


SINAD (Signal-to-Noise and Distortion) 
The ratio, expressed in decibels, of the RMS 
level of the output signal to the RMS sum of 
both the in-band noise and the RMS sum of 
the first 10 harmonics of the output 
fundamental. 


Typical Performance Curves 


Power Supply Current vs Temperature Dynamic Performance vs. Input Frequency 


500 


400 


= 
Qo 
= fr | 
= 5 
S a 
ws th 68 SNR Tit @ 
= 300 S = 
© Oo > 
on © 
d THO i 
200 S 64 thi 
SINAD 
10 
100 . 
552585 504751004125 2 3 4 5 
CASE TEMPERATURE (°C) 213048 ANALOG INPUT FREQUENCY (MHz) 21305A 
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Tb tZ 7 AX 
Figure 4. Typical Interface Circuit _ 
| | = = | OE 
a ae DR 
SAliCE REFERENCE 
age F | 12-BIT 7 aa: 
| ae OUTPUT 
A SUBRANGINGT SSCS > 
| IN => fib ? QUANTIZER REGISTER ; 1-12 
AptN , a 
V eS 
sans TIMING : eae 
GENERATOR 
V 
34 44 33 43 
le le ie 7 F, 
6.8uF 6.GuF 6.8, ee 
LV bv SV SV 
+15V 15V +5V 5.2V 21307A 


Evaluation Board 


The THC1200E1C is a Eurocard-style printed circuit board 
designed to aid in the evaluation of the THC1200 A/D 
converter. The board dimensions are 100mm x 160mm 
with a standard 64-pin double-row DIN male connector 
installed. A complementary 64-pin double-row DIN female 
connector is included with the board. 


The board employs-only two conducting sides. Most of the 
circuit interconnections are on the bottom of the board — 
while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
I/O and clocks. The circuitry on the board includes all 
power supply decoupling required for the THC1200, and a 
TDC1012 12-bit D/A converter which may be used in 
evaluating certain parameters of the THC1200. Additional 
information on applying the THC1200 is found in TRW 
Application Note TP-45, “Designing with the THC1200 
A/D Converter Family". 


The THC1200E1C board has been designed to be used, not 
only for the THC1200, but also for the THC1201 and 
THC1202 A/D converters. Therefore, the board has 
interconnect patterns for some circuitry that is not used by 
the THC1200. Jumpers J1, J6 and FT will be installed 
while all others are not. 
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The board is calibrated and tested at the factory and is 
supplied complete with THC1200 and TDC1012 installed. — 


Power and Ground 


Four power supply voltages are required for the operation 
of the THC1200E1C: Vcc = +5V, VEE =—5.2V, V+ =+15V 
and V— =-—15 Volts. All power inputs are decoupled to a _ 
single solid ground plane, GND. All GND pins of the board 
are connected to the ground plane and it is recommended 


that all GND pins be used. 


-A/D Converter Inputs | 
The clock to the THC1200, CONV, is normally brought onto 


the board by way of an SMA connector labeled “CONV” 
near pin 24 of the THC1200. A location for a terminating 
resistor, R20 is available on the board for terminating 
cables. CONV may be brought onto the board through the 
edge-connector pin B2 by installing jumper J9. The DIP 
switch enables control of OE and RANGE which are both 
pulled HIGH when the switches are open. 


The analog signal input to the THC1200, Ajj\y is normally 
brought onto the board by way of an SMA connector 
labeled “Ajn” near pin 45 of the THC1200. A resistor 
network, R13 through R16, is included on the board for 
terminating and attenuating the signal in user-determined 
impedances and losses. | 
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A/D Converter Data Outputs and 
D/A Converter Data Inputs 


The 12 data outputs of the THC1200 are brought to edge- 
connector pins BY through B21 (excluding B18). These pins 
are located directly across the edge-connector from the 12 
data inputs of the TDC1012 D/A converter to simplify 
connection of A/D outputs to D/A inputs. 


D/A Converter Inputs 


The clock to the TDC1012, CLK, is normally brought onto 
the board through an SMA connector labeled “CLK” near 
pin 16 of the TDC1012. A location for a terminating 
resistor, R6 is provided for clock cable termination. The 
clock input to the TDC1012 is also brought to the edge- 
connector pin B24. 


THC1200E1C silkscreen layout 


D/A CONVERTER 


7X 


aa 


D/A converter outputs are brought to SMA connectors 
labeled OQUT+ and OUT— as well as edge-connector pins 
B28 and B27. Load resistors of 51.1Q are provided on the 
board to facilitate 50Q cable connection to the board. 


Potentiometer R11 is used to adjust the reference voltage 
to the TDC1012. This voltage is adjusted to —1.0 V as part 
of the factory test and calibration procedure. 


~~ 


7 A "CT 
nemoaving ing jumper in tng 10cation aoeiea 


the TDC1012 into feedthru (unclocked) mode. 
eliminates the requirement for a D/A clock signal, but will 
degrade the fidelity of the TDC1012 reconstruction. 


‘wn comeenn@e Om am 


AD CONVERTER 6 = dp 
~ 


asks 


12862 OFFSET ADJ. 


1260 GAIN 


OES | 
1282 GAIN ADJ 
1202 UREF 


THC 1202 


THC 1200/1201 


+ 
OsNDC 
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BOARD 40X@5914 REU.C 


THC120@ ASSEMBLY 4@x@S916 REV. L___] 
THC1201 ASSEMBLY 48xX@5917 REV. (___] 


[R23 | 
GAIN 


OsNnOC) 


THC1202 ASSEMBLY 4@xX@S91S REV.C 
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THC1200E1C A/D Converter Schematic Diagram — 


+5V +5V +5V +15V 
Note: The following components are NOT installed in the THC1200E1C or THC1201E1C: C24 C10 
| : 10. 10 
OP400 _ rs | 
R17, R19, R21, R22, R23, R24, R25, R31, R32 s on a fo | 
C19, C25,C26,C27 # 10 0, rie 01 | THC1200  THC1201 
DIP switch (THC1201 only) + 6 o---6 
J6 J5 
—_ V 
| C7 C29 C17 C18 
i 0.1 0.1 0.1 0.1 
| | 3 (2) 21] 30 (22, 28, 29) 44 (34) 34 
ba . oc = 
os 24 (24) * THC1202 MSB 
<6 48) es 
nis B27 “Oy THC1202D, MSE |“, 
= ° 45 (39) dg 
| Hv R14 R13 THC1201/1202 D, MSB [9 (9) ~~ 
TBD TBD eyes 0 J3 B21 
TBD V Mee lve THC120X MSB 
25 10 (10) 
(25) | __ B20 
R18 O~-e- 11 (11) 
2.21K a B19 
an B17 
THC1200 aa B16 
R18 . THC1201 
RANGE THC1200 B15 
2K SO (THC1202) 15(15) 
B14 
ca 16(16) B13 
a (36) 17 (17) 
"OFFSET" omade OFFSET ADu. THC1202 ita B12 
25 12”" op4oo | ae Bit 
0.1 B10 
C27 20 (20) B9 
0.1 10 zs | 46 
9 Be oy Gain aby. THC1202 V 
OP400 1, 23, 26, 32, 35 
\/ 
35 
ma ) REF THC1902 (1, 6, 21, 23, 30, 38, 40) 
/ 
o70 
THC1201 
ons, 20 
Ja 
R25 
100K THC1201 
| —~ 37 
Jumper Table V u7 
THC1200 | THC1201 | THC1202 THCI201 
= a a 18° 
B2 CONV C16 C20 
0.1 0.1 
5V 5V -5V -15V 21311A 
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THC1200E1C D/A Converter Schematic Diagram 


B31 >———_ 415V 
Bis >> «sv. Ant 4 B28 
A1-A4, a2 >—3 : 5) OUT + 
A17 -A32 a Mar saol 
B1 >—P SVAN - : 
B32 >——> -15v A16 >—” RA i 
9 
ae = tocio12 OUT- FG D) OUT - 
A14 B27 
Al3 z B24 
1 16 
A12 CONV ©) CLK 
2 5 
AN D AGnp R6 
10 TBD 
Ae ie 
Ag D4o LSB REF + 
D1 
LT1004CH 
REF - 12 ot 
Vee VEE COMP 
18 ry R10 
a mk 


10 % oo 
5V 21312A 
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Evaluation Board Pin Assignments 
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GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
D/A D1 MSB 
D/A Da 
D/A D3 
GND 
D/A D4 
D/A Ds 
D/A Dg 
D/A D7 
D/A Dg 
D/A Dg 
D/A D109 
D/A D14 


D/A D412 LSB 


N/C 
N/C 
N/C 
N/C 
GND 
GND 
GND 
GND 


A32 
A31 
A30 
A29 
A28 
A27 
A26 
A25 
A24 
A23 
A22 
A21 
A20 
A1g9 
Al8 
Al7 
A16 
Al5 
Al4 
Al3 
Al2 
All 
A10 
AQ 

A8 

Al 

A6 

Ad 

A4 

A3 

A2 

Al 


B32 
B31 
B30 
B29 
B28 
B27 
B26 
B25 
B24 
B23 
B22 
B21 
B20 
B19 
B18 
B17 
B16 
B15 
B14 
B13 
B12 
B11 
B10 
B9 

B8 

B7 

B6 

B5 

B4 

B3 

B2 

Bl 


Mating Connectors for THC1200E1C 


§32507-2 
532507-1 


RNE-64BS-W-TG30 
RNE-64BS-S-TG30 


8609-264-6115-7550E1 
8609-264-6114-7550E1 
8609-264-6813-7550E1 


V- (-15V) AMP 
V+ (+15V) AMP. 
N/C 

N/C 

D/A OUT+ 


D/A OUT- Souriau 
N/C Souriau 


N/C Souriau 


D/A CLK 
N/C 

N/C 

A/D Dy MSB 
A/D D2 
A/D D3 
Vcc (+5V) 
A/D Da 
A/D D5 
A/D Dg 
A/D D7 
A/D Dg 
A/D Dg 
A/D Dig 
A/D D4 
A/D D412 LSB 
N/C 

N/C 

N/C 

N/C 

N/C 

N/C 

A/D CONV 
VEE (-5.2V) 


Robinson-Nugent 
Robinson-Nugent 


Wire-wrap 
Solder tail 
Wire-wrap 
Solder tail 


-Wire-wrap 
Solder tail 


Solder tail, right-angle 


bend 
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THC1200E1C Component Side Layout 
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THC1200E1C Circuit Side Layout 
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Ordering Information 


_ Product 
_ Number 


~~ THC120083B 
THC1200S3V 


mula: 


Marking 
THC1200S3B 
THC1200S3V 


THC1200E1C 


| Package 


IND, Te =-25to 850C Industrial - 46 Pin Hermetic Metal DIP 
EXT, Tc = -55 to 1250C ~ MIL-STD-883 46 Pin Hermetic Metal DIP 


STD,Ta= Oto 700C pe Eurocard PC Board 


All parameters in this specification are guaranteed by design, characterization, sample testing, or 100% testing, as appropriate. TRW reserves the right to make 
changes to products and specifications without notice. This information does not ‘convey any license under patent rights of TRW LSI Products Inc., TRW Inc., or others. 


- 
Hl 


Life Support Policy 


TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products-Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 


Inc. and TRW Inc. against all damages. 
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Complete High-Speed A/D Converter 
12-Bit, 10Msps 


The THC1201 is a complete 12-bit 10Msps (Mega- Features 
Samples Per Second) analog-to-digital converter that pea Res a aie ns 
ww IU IhUIVIOpO VUVUHIVOIMOMUit Pale 


includes all the circuitry required to digitize signals within 
a DC to 70MHz band. With its two-step architecture, the ° Analog Input Range Is +1.024V 
THC1201 achieves a very high conversion rate and e Large-Signal Bandwidth >70MHz 
superior performance. The device contains a wideband e No Missing Codes, Guaranteed 


input amplifier, a precision track/hold, analog-to-digital © SNR=66dB At 10Msps With 2.3MHz Input 
quantizer, voltage reference, precision timing generator Guaranteed ) 


and registered three-state TTL output drivers. 
ae pe : e TTL Compatible Input And Three-State Outputs 


The THC1201 offers significant advantages over previous @ Available In A 46 Pin Hermetic Metal DIP 
converter boards in space efficiency, ease of use, power _—e_ Evaluation Board (THC1201E1C) Available 
dissipation, DC and AC performance, reliability and 


flexibility. Applications 


Designed to meet demanding requirements, the THC1201 ° Radar _ 
is housed in a 46 pin hermetically sealed dual-in-line e Data Acquisition Systems 
package. Specified performance is guaranteed over the e Digital Oscilloscopes 
industrial (—25 to 85°C case} and extended (—55 to © Medical Imaging 
125°C case} temperature ranges. Military-grade parts are ae wee 
in compliance with MIL-STD-883C and are manufactured SI mcaMons 
in facilities certified and qualified to MIL-STD-1772. e CCD Digitization 

e Transient Recorders 

e Forward-Looking InfraRed Systems 


e Focal Plane Arrays 


Interface Diagram 


OE 
AIN 12- BIT OUTPUT : 
, QUANTIZER | REGISTER 4.12 
1k0 Lees 


\/ 
TIMING 
CONV = GENERATOR a 
21315A 
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Pin Assignments 


GND,CASE 1 ff oO Oo ARTN 
DNC 21] oO Oo An 
DNC 411 oO Oo V- 
DNC 5 || O Oo VEEA 
Vern 6 || O Oo DNC 
DNC 7 {| O fe) DNC 
pNC 8 {| o Oo DNC 

D,(MSB) 9 || O fe) GND 
D, 10 || O e) GND 
D, 11 fe) Oo» DNC 
D, 124) © e) GND 
D, 13 || O oO GND 
De Mf] ©. e) Ve 
D, 15 [| © fo} GND 
Dg 16 || © fe) VEED 
Do 17 ]} O | e) Voca 
Dig 18 || O DNC 
D4, 19 {| © fe) DNC. 

Dj (LSB) 20 || O O DNC 
V 1 e) Oo GND 
GND 22 || O Oo OE 
GND 23 O O CONV 

21316A 


46 Pin Hermetic Metal DIP — S3 Package 


Functional Description 


General Information . 


The THC1201 is a complete 12-bit Fae: AID. 
converter that features a wideband input amplifier, 
precision track/hold, voltage reference, timing circuitry 
and a three-state digital output register all housed in a 
46 pin hermetic metal DIP. The device uses a two-step 
analog-to-digital converter architecture and proprietary 
components to achieve a 10Msps conversion rate and 
superior performance. The THC1201 is guaranteed to 
meet all specifications without additional adjustment or 
calibration. Additional information on applying the 
THC1201 is found in the TRW LSI Products Inc.: 
Application Note TP-45, “Designing with the THC1200 
A/D Converter Family.” 


Three-state TTL compatible outputs permit the THC1201 | 


to drive a shared data bus directly. Data emerges from 
the THC1201 synchronously with respect to CONV. The 
digital output corresponding to the sample of the analog 
input signal is valid after the rising edge CONV. The 
THC1201 1 provides a 12-bit straight binary digital output 
as indicated in the Output Coding Table. 
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Power and Ground 


The THC1201 requires four standard power supplies for 
operation: Veca=Vecp= +9V, VEEA=VEED = —5.2V, 
V+=+15V, and V— =—15V. Linear regulated power - 
supplies are preferred over switching power supplies for 
optimum performance. All power supply inputs to the 
THC1201 should be properly decoupled. 


Separate analog and digital grounds are maintained 
within the the THC1201, but no distinction is made at 
the package pins. For optimum converter performance, all 
ground pins should be connected to a common solid 
ground plane. Wire-wrap breadboarding techniques are 
not recommended for use with this high-speed high- 
precision analog-to-digital converters. Application Note 
TP-45, “Designing with the THC1200 A/D Converter 
Family,” is recommended for additional information on 
using the THC1201. 


Analog Input and Analog Input Return 


The input voltage range of the THC1201 is from 
—1.024V to +1.024V. This results in a least significant 
bit weight of 0.5mV. A 1 kOhm thin-film resistor is con- 
nected between Ajj and ArT) and is provided for 
termination of analog input signals. 


ApTN is the internal ground reference point for internal 
analog circuitry and voltage references within the 
THC1201. In normal operation ARTN should be con- 
nected to signal ground where the analog input signal 
connection is in close proximity to the THC1201. ART 
should also be connected to power supply ground. 


For applications where more dynamic range Is required, — 
the THC1200 is recommended. The THC1200 is similar 
to the THC1201 except that two user-selectable input 
voltage ranges are provided: +2.5V and +0.167V. 


CONV 


Each rising edge of the CONV signal initiates conversion 
(See Timing Diagram). The THC1201 operates inde- 
pendently of the duty cycle of CONV as long as tPWH 
and tpyyt limitations are not exceeded. 


CONV clock jitter, tcy, must be minimized in order to 
optimize performance. Time errors in sampling a high 
slew rate (large AV/At) signal appear as voltage errors in 
the conversion. The high-speed and precision of the 
THC1201 may reveal system timing errors (jitter) that 
would not be apparent with lower resolution converters | 
(see Application Note TP-45). 
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Data Outputs and Output Enable 


The 12 TTL compatible data outputs (D1_12) provide HIGH. The outputs are enabled within tea after OE is 
Straight binary data as shown in the Output Coding switched LOW. 
Table. The output data becomes valid tp after the rising 
edge of CONV, and remains valid until ty after the Do Not Connect 
next rising edge of CONV. D149 Is the least significant ; aise 
bit g 80g 12 d DNC pins are used in factory calibration and must remain 
unconnected. 
The output drivers become disabled (high-impedance) 
within tp|s after the asynchronous input OE is switched 
Package Interconnections 
Signal 
Type S3 Package Pins 
Vecp Positive Digital Supply 21 
VEEA Negative Analog Supply 6, 42 
VEED Negative Digital Supply 31 
V+ Positive Supply i 
AIN Analog Input +1.024V 45 
AINRTN Analog Input Return 46 
D, (MSB) Most Significant Bit 9 
Dp fe TT 0 
03 ee TT I 
D4 ee A 
D5 ote a ee TT 3 
0g eS SB 
D; see ws TT E 
Dg a 
Dy See ee TT i 
Dip ott 8 
D1 eee ee TT 9 
Dy (LSB) Least Significant Bit 20 
OE Output Enable Control 25 
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Output Coding Table 


Input Voltage 
(Code Midpoint) 


Digital Outputs 


MSB LSB 


+1.0240V 1411 W410 1911 
+1.0235V 14 1111 1110 
+1,0230V 1111 1111 1101 

e e 

e e 
+0.0010V 1000 0000 0010 
+0.0005V 1000 0000 0001 
0.0000V 1000 0000 ©=—- 0000 
—0.0005V 0111 1111 W111 
—0.0010V 0111 1111 1110 

e e 

e e 

e e 
—1,0225V 0000 0000 0010 
—1,0230V 0000 0000 0001 


— 1.0235V 


Note: 1. LSB Step=2.048/4095=0.50mV. 


Figure 1. Timing Diagram 
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Figure 2. Simplified Analog Input Equivalent Circuit Figure 3. Standard TTL Test Load 
V 
+5V cc 


810 


TO 
OUTPUT 
PIN 


1N3062 


40pF 
ARTN 5.2V 21303A P 


—i 
— 
- 


LOAD 1 

TEST LOAD 
FOR DELAY 
MEASUREMENTS 21199A 


Absolute maximum ratings (beyond which the device may be damaged) | 


Supply Voltages 


Vec saci eg eda a erate hace gosh tetra ae ae ee dahon cst a gy dan bance stale soa aaiDabe rete cAtleliiaoulaashigs ee aebenen oaaeeee at —0.5 to +7.0V 

VEE Sie edeRh Ste aa ele atic a el cen ite Lage a GN ase t deena Seed ah Mauka vad atin cle aa atua tavadeaieneunataetnnsine —70 to +0.5V 

NESE sees ati yap cave yeu aes nace wf saan da SSS ac Dota on eda nce aa aes patna cacti eninaas ee read easlenlxan eo aacianes —0.5 to +18.0V 

AY roa et ere PN PRT NONE O eA IN ETE EIEN Y DP RNY Sat EME SCOT SEMEN OOM NMR MCAT EDIE REET PPEN Pn ev — 18.0 to +0.5V 
Input Voltages 

Ain Pasi a ce sietnet ces recan at eae Peak alan ta Baa ee Ses laa haan Mccain en tid ge senstes nse cgubiateceesceeshist nenaenea at esc.wunatlerae acne Vege to Vec 

EOIN CBE 26 st a a Nie et Rk NN I I Pt i he a ne Ns a Na OO es att ceca -0.5V to Ver 
Outputs 

Digital outputs, applied Voltage 2 o...ccesessssessssessssssscssescssssssssssssssesessetesssssssssecssucessvesssuesssssesssusessureessueessssuesssareessuteenvecs -0.5V to Ver 

RII MECl CUM ates acccctesen ccc Nach a Te asta ay ose near cre alte oT alec 100mA 

Short-circuit duration (single Output to GND) ou... esesseescseecssesescsssscscscsescsescessssscssesesescsesssscsesscescececssnssesesssseneastenes 1 Second 
Temperature | 

(OEM LING; CAS 8 psc el Gch acstte eal csuc gute ntact reedass tinatesevenccoedee eaaaneo es aaa ods —60 to +130°C 

ead, soldering:10:SeCONS)) cicccst nce saci eaten acre ete Sad ad lice be laa hat iae haat + 300°C 

Boy C2] (219: een doe RECIENTE Pr OTE PETE ORE BR PD TT OD ne RCE Se —60 to +150°C 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating range. 


Functional operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the 
Operating Conditions are not exceeded. 


2. Applied voltage must be current limited to the specified range. 
3. Forcing voltage must be limited to the specified range. 
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AIX 
Operating conditions 
Temperature Range 
Standard | 

Parameter [Win [Nom [Max | Units 
© -Vee_ Positive Supply Vottage pam | so | ss | 

Vee Negative Supply Voltage Sa A 

V+ Positive Supply Voltage ea 

tpwL CONV Pulse Width, LOW ee a ee ee 

Vi. Tut Valiage, Loic LOW nD 

Ain Analog Input Range — 1.024 Ed — + 1.024 V 

in __ Output Curent, Lage LOW ee A 

Te Case Temperature, B-Grade —25 ae - 85 2G 

Te Case Temperature, V-Grade Se a 125 6 


Electrical characteristics within specified operating conditions 
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Temperature Range 
Ind/Mil 


a 
< 
| 


Parameter | Min | Max | Min | Max _{ Units 
Icc ‘Total Vege Power Supply Current | 525 aT ae 650 mA 
igg Total Veg Power Supply Current _——*(| 480 ‘| —e00 |__| ~600_| ma 
I+ Total V+ Power Supply Curent | —~+iY 6 {| 60 | | 50 [mA 
| __ Total V- Power Supply Current = [fT tO 8m 
IL Input Current, Logic LOW | conve TTC 880 

poet t00 
liq ‘Input Current, Logic HIGH | conv. = =6{| | -18 | | -28 —2.8 | mA 
Voy Output Voltage, Logic HIGH loy = Max | 384 [24 [ft 24] V 
loz, Output Leakage Current, Logic LOW | OE=HIGH | Ss | Ss || +150 =| S| +150 A 
Hog. = SRD cult Ouran a a a a ee ee 
Rin Analog Input Resistance | Arty toGND | 1000 | 975 975 Ohms 
Vos _btfset Voltage p Noe? [Te ev 
Notes: 1. 1 second max, one pin shorted to ground. 3. Ai at 1/2 LSB above most positive transition. 


2. Aj at mid-scale code transition. 4. Ar at 1/2 LSB below most negative transition. 


TRW LSI Products Inc. 


THC1201 aitwy 


Switching characteristics within specified operating conditions 


Temperature Range 


Parameter in [Max [Win [Max | Unit 


ns 
ns 


tp Data Output Delay Time 
tug Data Output Hold Time 


Se 
teNA Output Enable Time | Cugap=S0pF Max | 12 | | 
ie, Ee 2 ee ee | 


a [ts 
pets 
Thermal characteristics within specified operating conditions 


Parameter Units 


ATyc  Junction-to-Case Temperature Rise (Worst Case Power Dissipation) °C 


Oca __ Case-to-Ambient Thermal Resistance 
Still Air °C/W 


500 LFPM Airflow °C/W 


System performance characteristics within specified operating conditions 


Temperature Range 


[Ind/Mit | industrial | _Military 
Parameter Test Conditions'| Typ | Min | Max | Min | Max | Units 
E\y Linearity Error, Integrl__| independent Based | 16 | | 230 | | 80 | se 
ee lM OR 
Ciy=zaMre | e080 [8 a 
Ciiy=saMre | eo | ae a 
SWAT Sra Woe Cin= sue [er] 02] | a 
and-Dstorton Fat Ciy=2aMiie [05730 
a A 
OT 
Cin=sanie | a | wos [| es [a 
op came es ee ee ee 


Note: 1. Alt tests conditions conducted at Fo = 10Msps, Vec=Ver=Nom. 
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, 7 IXNvy 
System performance characteristics within specified operating conditions (cont.) 
Parameter Test Conditions | Typ | Min | Max | Min | Max | Units 
SC___Spurious Codes pt | oes 


Signal Definitions 


SNR (Signal-to-Noise Ratio) 


The ratio, expressed in decibels, of the RMS level of the 
output signal to the RMS level of the in-band noise. This 
noise is measured with the signal present and excludes 
harmonic distortion products. 


THD (Total Harmonic Distortion) 


The ratio, expressed in decibels, of the RMS sum of the 
first 10 harmonics of the output fundamental to the 
RMS level of the output fundamental. 


SINAD (Signal-to-Noise and Distortion Ratio) — 


The ratio, expressed in decibels, of the RMS level of the 
output signal to the RMS sum of both the in-band noise 
and the RMS sum of the first 10 harmonics of the 
outout fundamental. 


SFDR (Spurious-Free Dynamic Range) 


The ratio, expressed in decibels, of the RMS level of the 
output fundamental to the RMS level of the largest 
Spurious signal. . 
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IMD (intermodulation Distortion) 


The ratio, expressed in decibels, of the largest output 
frequency spur to either of the two equal-level output 
fundamentals. 


tTR (Transient Response Time) 


The time required to begin returning accurate data after 
a full-scale input voltage step whose initial and final 
voltages are within the analog input range. tyR Is an 
analog domain parameter and excludes pipeline latency. 


torn (Overload Recovery Time) 


The time required to begin producing accurate data after 
the input voltage returns to the allowable range, fol- 
lowing an excursion to 200% of either. full-scale limit. 
tor is an analog domain parameter and excludes 
pipeline latency. 
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Typical Performance Curves 


A. Typical Power Supply Current vs. Temperature B. Typical SINAD, SNR and Distortion vs. 


525 


CURRENT (mA) 


500 


350 


Analog Input Frequency (Fg = Fs = 10MSPS) 


loc (+) S 
ce 
Oo 
D 
Qa 
a on 
2 2 
| uw 
well 
Z tt 
n 
lee (-) 
50  -25 0 +25 +50 +75 +100 +125 1 2 3 4 5 
CASE TEMPERATURE (°C) 21304A ANALOG INPUT FREQUENCY (MHz) 21305A 


C. Typical Output Spectrum 


| 


| HD 2 = -78.2 SINAD = 66.2 dB | 
HD 3 = -77.9 EB = 10.7 bites | 
aan HD 4 = -86.3 THOC10}= 73.5 de | 
| | HD & = -84,7 SMR C40 3= 6F.1 dB H 
3 | HD 6 = -93,3 MAXHD(SFDOR)= 77.9 dB | 
r | HD 7 = -86.5 ROMGE= FS-0.98 dB 
-40.00F HD 8 = -8@8.9 FIN = 505.2710 3 
HD 9 = -S7.2 FS = 10,000 MSPS 
HD 10 = -91.6 MAaXCODE= 1822.5 
HD 14 = -90.4 MINCODES -1826.5 | 
-&9, 


-8o. 


: i 


a fl a bid 
i100. Pt iMate bh tHE ia ee AE 


-120. 
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Figure 4. Typical Interface Circuit 
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Evaluation Board 


The THC1201E1C is a Eurocard-style printed circuit board 
designed to aid in the evaluation of the THC1201 A/D 
converter. The board dimensions are 100mm x 160mm 
with a standard 64 pin double-row DIN male connector 
installed. A complementary 64 pin double-row DIN 
female connector is included with the board. 


The board employs only two conducting sides. Most of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
I/O and clocks. The circuitry on the board includes all 
power supply decoupling required for the THC1201, and 
a TDC1012 12-bit D/A converter which may be used in 
evaluating certain parameters of the THC1201. Additional — 
information on applying the THC1201 Is found in Appli- 
cation Note TP-45, “Designing with the THC1200 A/D 
Converter Family.” | 


The THC1201E1C board has been designed to be used, 
not only for the THC1201, but also for the THC1200 and 
THC1202 A/D converters. Therefore, the board has 
interconnect patterns for some circuitry that is not used 
by the THC1201. Jumpers J3, J4, J5, U7, J8 and FT will 
be installed while all others are not. 
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The board is calibrated and tested at the factory and Is 
supplied complete with THC1201 and TDC1012 installed. 


Power and Ground 


Four power supply voltages are required for the opera- 
tion of the THC1201E1C: Veg = +5V, VeF= —5.2V, 
V+=+415V and V— =—15V. All power inputs are 
decoupled to a single solid ground plane, GND. All GND. 
pins of the board are connected to the ground plane and 
it is recommended that all GND pins be used. | 


A/D Converter Inputs 


The clock to the THC1201, CONV, is normally brought 
onto the board by way of an SMA connector labeled 
“CONV” near pin 24 of the THC1201. A location for a 
terminating resistor, R20 is available on the board for 
terminating cables. CONV may be brought onto the 
board through the edge-connector pin B2 by installing 
jumper J9. 


The analog signal input to the THC1201, Ajj) is normally 
brought onto the board by way of an SMA connector 
labeled “Ajj” near pin 45 of the THC1201. A resistor 
network, R13 through R16, is included on the board for 
terminating and attenuating the signal in user-determined 
impedances and losses. 
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A/D Converter Data Outputs and D/A Converter 
Data Inputs 


The 12 data outputs of the THC1201 are brought to 
edge-connector pins B9 through B21 (excluding B18). 
These pins are located directly across the edge-connector 
from the 12 data inputs of the TDC1012 D/A converter 
to simplify connection of A/D outputs to D/A inputs. 


D/A Converter Inputs 


The clock to the TDC1012, CLK, is normally brought onto 
the board through an SMA connector labeled ‘CLK’ 
near pin 16 of the TDC1012. A location for a terminating 
resistor, R6 Is provided for clock cable termination. The 
clock input to the TDC1012 is also brought to the edge- 
connector pin B24. 


D/A converter outputs are brought to SMA connectors 
labeled OUT+ and OUT— as well as edge-connector 
pins B28 and B27. Load resistors of 51.1Q are provided 
on the board to facilitate 50Q cable connection to the 
board. 


Potentiometer R11 is used to adjust the reference voltage 
to the TDC1012. This voltage is adjusted to —1.0V as 
part of the factory test and calibration procedure. 


Removing the jumper in the location labeled “FT” will 

put the TDC1012 into feedthrough (unclocked) mode. This 
eliminates the requirement for a D/A clock signal but will 
degrade the fidelity of the TDC1012 signal reconstruction. 


THC1201E1C Silkscreen Layout 


D/A CONVERTER 
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THC1201E1C Component Side Layout 


.@) 
(olm @l@lern@) 71 


‘olelelerelele) ° 


BiNelelebwpteretete 
EQUOOGHO000 


7, C0000 PVP 
. i at ee ojete) 


‘olelerelelerere) 


©) 


THC1201E1C Circuit Side Layout 
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THC1201E1C Eurocard Edgeconnector Pinout Mating Connectors for THC1201E1C 
ein: Ae B32 V— (-15V) AMP 532507-2 Wire-wrap 
GND A3I B31 V4 (4+ 15V] AMP 532507-1 Solder tail 
GND 30 B30 NIC Robinson-Nugent RNE-64BS-W-IG30 Wire-wrap 
GND 29 B29 NIC Robinson-Nugent RNE-64BS-S-1G30 Solder tail 
oe eae Souriau 8609-264-6115-7550E1 | Wire-wrap 
GND A26 B26 NIC Souriau 8609-264-6114-7550E1 Solder tail 
GND A25 B25. NIC Souriau 8609-264-6813-7550E1 Solder tail, Cu 
GND A24 B24 D/A CLK right-angle 
GND A23 B23. NIC bend 
GND 22 B22. NIC 
DIAD, MSB_ A21 B21 A/D D, MSB 

DIAD, A20 B20 A/D Do 

D/IAD3 A139 B19 A/D D3 
GND A18 B18 = Ver (+5V) 

DIAD, 17 B17 A/D Dg 

DIAD, AI6 B16 A/D Dr 

DIADg 15 B15 A/D De 

DIAD, At4 B14 A/D Dy 

DIADg 13 B13 A/D Dg 

DIADg Al2 B12 A/D Dg 

DIA Dy) = ANI B11 A/D Dag 

D/A Dy, A10 B10 A/D Day 

D/A D4) LSB AS B9 AID D4 LSB 

NIC AB B8 =NIC 
NIC AT B7 = NIC 
NIC AG B6 NIC 
N/C AS B5 NIC 
GND A4 Bas NIC 
GND A3 B3 NIC 
GND A2 B2 A/D CONV 
GND Al B1 Veg (-5.2V) 
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Figure 5. THC1201E1C A/D Converter Schematic Diagram 
| , 2 +5V +5V +5V +15V 
Note: The following components are NOT installed in the THC1200E1C or THC1201E1C: C24 C10 
10 10 
OP400 . 
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Figure 6. THC1201E1C D/A Converter Schematic Diagram 
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Ordering Information 


Product 
Number 


THC1201S3B 
THC1201S3V 


THC1201E1C 


Package 
Marking 


1201S3B 
1201S3V 


THC1201E1C 


IND—Te=—25°C to 85°C Industrial 46 Pin Hermetic Metal DIP 
EXT—Tce=—55°C to 125°C MIL-STD-883 46 Pin Hermetic Metal DIP 


STD—T,=0°C to 70°C Eurocard Format Board with 
Industrial Grade A/D Converter 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Complete High-Speed A/D 
Converter 
12-Bit, 10Msps 


The THO1202 is a complete 12-bit 10Ms iS 
digital converter that includes all the circuitry r aie to 
digitize signals within a DC to 7OMHz band. With its 
subranging two-step architecture, the THC1202 achieves 
a very high conversion rate and superior performance. 
The device contains a wideband input amplifier, a 
precision track-and-hold, an analog-to-digital quantizer, a 
voltage reference, a precision timing generator and 
registered three-state TTL output drivers for simplified 
system interface. 


The THC1202 offers significant advantages over previous 
converter boards in space efficiency, ease of use, power 
dissipation, DC and AC performance, and reliability. Since 
the THC1202 is a complete 12-bit A/D converter, it 
reduces system assembly and final test costs. 


Designed to meet demanding requirements, the THC1202 
is housed in a hermetic 40 pin DIP. Specified perfor- 
mance is guaranteed over the industrial (—25 to 85°C 
case) and extended (—55 to 125°C case) temperature 
ranges. Military-grade parts comply with MIL-STD-883C 
and are manufactured in facilities certified and qualified 
to MIL-STD-1772. 


Features 


e Conversion Rate DC To 10Msps 

e Large-Signal Bandwidth >70MHz 

e No Missing Codes, Guaranteed 

e 4.5W Typical Power Dissipation 

+5V, —5.2V And +15V Power Supplies 
e SNR=67dB At 10Msps With 5MHz Input 


e Analog Input Range —1V To +1V Or 2Vp-p Within 
—2V to +2V Window 


e Gain And Offset Internally Trimmed And Externally 
Adjustable 


e TTL Compatible Input And Three-State Outputs 
e 40 Pin 1.1°° Wide Hermetic Ceramic DIP 
e Evaluation Board (THC1202E1C) Available 


Applications 


e Radar 

Digital Oscilloscopes 

e Medical Imaging 

e Communications 

e CCD Digitization 

e Transient Recorders 

e Forward-Looking InfraRed Systems 
e Focal Plane Arrays 


Functional Block Diagram 
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Pin Assignments 


) GND 
A 
GND 
DNC 
OFFSET 
REF 
vA 
GAIN ADJ 


Functional Description 


General Information 


The THC1202 is a complete 12-bit 10Msps A/D 
converter that features an input amplifier, track-. 
and-hold (T/H), precision voltage reference, timing 
circuitry and a three-state digital output register in a 
40 pin hermetic ceramic DIP. The device uses a sub- 
ranging architecture and proprietary components 
- to achieve 10Msps Nyquist sampling. 


The laser-trimmed THC1202 is guaranteed to meet data 
sheet specifications without additional adjustment or © 
calibration. The GAIN ADJust pin may be used to vary 
the analog input range between 1.8 and 2.2Vp-p, and 
the OFFSET ADJ pin may be used to shift this range 
anywhere within a —2V to +2V overall limit. As 
indicated in the Output Coding Table, the THC1202 


output) or two's complement (using the inverted MSB 
output) digital outputs. Oe | | 


Three-state TTL compatible outputs permit the THC1202 


to drive a shared data bus directly. At the output pins, — 


the digital equivalent of the sample taken at tsTg after: 


CONVert rising edge N is valid from tp after CONVert 
rising edge N+2 until tyo after CONVert rising edge 
N+3. (See the Timing Diagram.| 
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Power 


The THC1202 requires Vec= +5V, Vef=—5.2V and 
V+=+15V power supplies, preferably from linearly 
regulated (as opposed to switching) power supplies. All 
power supply lines should be properly decoupled. 


Grounds 


The layout of system grounding is as important as the 
layout of any other signal path. Separate analog and 
digital grounds are maintained within the THC1202 but 
no distinction is made at the package pins. For optimal 
converter performance, all ground pins should be 
connected to a common low-noise solid ground plane. 
Wire-wrap is not recommended for use with any high- 
speed high-precision analog circuit. | 


Reference Output (Pin 35) 


The REFerence OUTput pin Is the precision internal 
—2.000V reference. This pin can drive a 10000 load — 
(2mA) directly without affecting the THC1202's 
performance. .! 


Analog Input (Pin 39) 


The Analog Input pin (Ajj) has a minimum input 
resistance of 100kQ and a maximum input capacitance of 
1CpF (Figure 2). The input amplifier’s —3dB bandwidth. 
of 7OMHz minimizes phase distortion. The proprietary 
track-and-hold has a typical aperture jitter of 5ps. The 
input voltage range is —1V to +1V with no offset 
applied (OFFSET ADJ pin grounded) and may be offset to 
cover any 2Vp-p range ina +2V to —2V window. See 
the OFFSET section. Great care must be paid to circuit 
board layout to prevent the digital signals, which are 
high-amplitude fast-risetime wave-forms, from corrupting 
the analog signal paths. 


- Offset Adjustment (Pin 36) 
provides 12-bit offset binary. (using the non-inverted MSB . 


The OFFSET ADJust pin allows the 2.0Vp-p input range 


to be shifted anywhere within a —2.0V to +2.0V win- 
— dow. If unused, the pin MUST be grounded, leaving the 
-analog input range at —1.0V to +1.0V. A +2.0V or 


—2.0V DC input will shift the input range by +1.0V, 


providing a unipolar input. lf OFFSET ADJ is connected 


to REF OUT (—2.0V), the input range is —2.0V to O.0V. 
If OFFSET ADJ is connected to +2.0V, as shown in 
Figure 4, the input range is 0.0V to +2.0V. The 
performance of the THC1202 is specified with OFFSET 
ADJ grounded. Input impedance at this pin is 

500Q +1000 to ground. 
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Gain Adjustment (Pin 33) 


The full-scale peak-to-peak analog input range may be precision of the THC1202 may show system timing errors 
adjusted up to +10% by using the GAIN ADuJust pin. If — (jitter) that were not apparent with lower resolution 
unused, GAIN ADJ MUST be grounded and the full-scale converters. 

analog input range will be 2.0Vp-p. (The performance of 

the THC1202 Is specified with GAIN ADJ grounded.}) T/H Output (Pin 4) 


lf GAIN ADJ is connected to REF OUT {—2.0V), the The T/H QUTput pin, used by the manufacturer for cali- 


input range is compressed to 1.8Vp-p, and the system bration, 2 AO recommended for other pase Any Nolo A 
gain is correspondingly increased. If GAIN ADJust is iOauitiy Hees flere will Gegrade the dynamic pertor- 
connected to +2.0V, the input range is expanded to mance of the converter. 

2.2Vp-p, and the system gain is correspondingly reduced. | 
A simple circuit that allows continuous adjustment of the Output Enable (Pin 25) 

input range using the THC1202’s internal reference Is The output drivers become disabled (high-impedance} 
shown in Figure 4. If the maximum offset is used (giving within tpj¢ after the asynchronous input OE is brought 
a OV to +2.0V or —2.0V to OV range) and the largest = HIGH, and are enabled within teya after OE is brought 
peak-to-peak input range is selected, the allowable input LOW. OE MUST be grounded if unused. 

range becomes —0.1V to 2.1V or —2.1V to +0.1V. 


Input impedance at this pin is 8700Q. Data (Pins 8 through 20) 

Convert (Pin 24) The 13 data output pins (D1.42, Dy) are TTL compatible. 
D4.12 provide offset binary data, whereas connecting D 

Each rising edge of the CONVert signal initiates instead of Dy yields two's complement data. Each new 

conversion (Figure 1), which is independent of the output becomes valid tp after the rising edge of 

CONVert duty cycle (within the limits allowed by CONVert, and remains valid until tyg after the next 

minimum tpyyH and tpyy). Failure to observe the rising edge of CONVert. 


minimum tpyy, specification will reduce SNR, since the 

T/H will not have adequate time to acquire the analog Do Not Connect (Pins 5, 27, 28, and 37) 
input signal to 12-bit accuracy. CONVert clock jitter, tcy, 
must be less than 10ps. A crystal oscillator or high 
performance synthesizer (e.g., HP8662) triggering a pulse 
generator can supply the necessary CONVert signal. High 
frequency performance of any A/D may suffer if the — 
clock signal has excess jitter. Time errors in sampling a D1 or Dy and REF OUT should be left open if unused. 


high slew rate {large AV/AT) signal appear as voltage = = OE, GAIN ADJ and OFFSET ADJ should be connected to 
errors in the digital datastream. The high-speed and ground if unused. 


These pins used in factory calibration must remain 
unconnected (open). 


Unused Functions 
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Package Interconnections 


GND | 


T/H OUT 
REF’ OUT © 


GAIN ADJ 
OFFSET ADJ 
CONV 

AIN 

D, (MSB) 
D, (MSB 


OE 


DNC 


- Track and Hold 


Do Nat Connect | Open 
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Input Voltage 


Midpoint 


+ 0.9995V 
+0.9990V 
e 
+0.0005V 
0.0000V 
—0.0005V 
® 
—0.9990V 
—0.9995V 
— 1.0000V 


Notes: 1. 


2. Analog input range shown off-center by —0.244mV (1/2 LSB) to accommodate two’s complement asymmetry (2047 positive steps, 


Positive Supply Voltage 
Negative Supply Voltage 
Positive Supply Voltage 


Ground. 


- Output . 


Reference Output 


Gain Adjust Input 
Offset Adjust Input 
Convert (Clock) Input 


Analog Input 


Most Significant Bit Output 
Most Significant Bit Output 


Least Significant Bit Output 


Output Enable Control 


Offset Binary 


MSB 


Ce 


” 


Value 
— +5.0V 
= 5.2V 
-+15V 


See Text 
—2.000V 


—2V to +2V 


—2V to +2V 


2Vp-p, See Text 


4 
4 
= 


4 
4 
= 


4 
4 
== 


—| —4 
4| 4 


4) 4 
4) 4 
aa fm 


TTL 


L 


Step size=1 LSB=0.488mV=0.0244 %FS. 


2048 negative steps). 
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=} 
< 


+ 
— 
= 


+ 
rT 


4 
= 
= 


4 — + 
— a —_ 
mo TT om 


| 
— 
c= 


MSB 


0111 
0111 


0000 
0000 
1111 


1000 
1000 
1000 


«$6 Package Pins - 


2, 22, 26, 29 - 


3, 7, 31, 32 
34 


1, 6, 21, 23, 30, 38, 40 


4 
35 


33 
36 
24 


25 
5, 27, 28, 37 


Two's Complement 


1114 
1111 
e 
0000 
0000 
1111 
e 
0000 
0000 
0000 


LSB 


1111 
1110 


0001 
0000 
1111 


0010 
0001 
0000 
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Output Coding vs. Input Voltage 


BINARY DIGITAL 
( ) re. 


OUTPUT 
11111171) «11117 


e e e 
1000 0000 0010 i - 


/ 
OFFSET _» 
ERROR 
1000 0000 0001 
ye 
-1.000V -244.2uV 
1000 0000 0000 ANALOG 
INPUT 
/ \4244.2uV +0.9995V 
0111 #4111 #1111 
Via 
0111 1111 #1110 
e ® e 
VA GAIN 
0000 0000 0001 ERROR 
0000 0000 0000 
A 21327A 
Figure 1. Timing Diagram 
SAMPLE SAMPLE SAMPLE SAMPLE 
N N+1 N+2 N+3 
'sTo 
ANALOG 
INPUT 
1 'pWH tPWL _y» tei 
Fs 
CONV os 7 £ arose 


tp 


DATA VIVIN\ VUIVIV4 LIVING 
output | XXX DATA N -2 — — —DATAN-1XXX DATA N XXX DATA N +1 


| <> . > 
—- <— tho ‘D's tENA 


| | 21328A 


OE 
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Figure 2. Simplified Analog Input Equivalent Circuit Figure 3. Standard TTL Test Load 


+5V Voc 
8100 
AIN TO 
OUTPUT 
| SpF (i (IDEAL) PIN 
| Z 
| 40pF 1N3062 
| = 21329A 
| LOAD 1 
TEST LOAD FOR DELAY + 
MEASUREMENTS 


21199A 


Figure 4. Optional Gain and/or Offset Adjust Circuit 


Select values to provide desired range 
of adjustment. 


.+2V @ GAIN ADJ (pin 33) results in a +10% 
gain change. 


.+2V @ OFFSET ADJ (pin 36) results ina 
+1V offset variation. ; 


. Op Amp is PMI OP-400 or other quad 
low noise, low offset device. 


21330A 
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Absolute maximum ratings (beyond which the device may be damaged) ! 


Supply Voltages 


MGS se execu hast Cassese a cas Pieces ta eleva vnc een sea AEA aaa cee eee RR Acie ete planes —0.5 to +7.0V 

MV Fes iss oceans tava S5083 cleat nap meno und nun d ee dena rR en Neda e asa atO AU nea NRIU OMIA —7.0 to +0.5V 

AS adds tt ete etapa g acta det seo RaR cas gee Sects asap ar ha caine gur ne gece elds ects ect eno tar od oueatisn ee iNeas —0.5 to +18.0V 
Input Voltages 

AIn seseeenseeneeaenseivanesgnennaneinensaeavenseetnecaaoeeaetaeeinerasetseerseeeineessetaenseciseetneersaeeaeeaetneetneetvseenesrnasetnete VEF to Vec 

CUI IE sarees ae ceo g arse cia oe ten ace tc st ta eos tated yee cn we u's a Be ao De deca eeestaea st caieetae bsg aldeeloes eas a otk tana baaaaomaanente —0.5V to Vee 
Outputs 

Digital sOutmuts applied. Voltage & x excesses corclecie cage ecko ae cal haranceereh toe aca vlan defeat eae es aes teanchs —0.5V to Ver 

ViGital: GUitpU tS: Mp pliGeh CUE GIE 9 écssscsscexscivsteessteavetessasslzs eta cesdeesaassviteatelsaaadoliba oleae en toad sovstie.aclimneemsioerheceaanee 100mA 

Short-circuit duration (Single OUtPUt tO GrOUNG) ou... eeeseesessssssscseseseseesessesscscsssescseceesescssscseseeessssescaeacasacasacstacseasecscseseeres 1 Second 
Temperature 

CDP EEIIT ss GSE rss nse roaeesteus aoe messin ersce ucts sh geese guar ein conn ose tr hcortecwe teat see loslnaa sh Ae teg oecaun beeeepaneseese aoa eeaaereeees —60 to +130°C 

GAGs SOMO ING: 10) SSOCOMS) o:53s.sccacucayueadusenst soca esisiacunceasdineeaguedap eh nec vin bemeresasie datos cand alede i easapaaactianl ses naan vat + 300°C 

STON Asda eae actenn nauseated ontestns eo usec tases ni crea ghee Sana ee ees ass —65 to + 150°C 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating 
Conditions are not exceeded. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 


Operating conditions 


Temperature Range 


Parameter [Min [Nom [Max Units 


| | Min | Nom | Max | 
Voc Positive Supply Voge | as | 50 (| = 55 | as | so | 55 | 
VEE Negative Supply Voltage | 49 | 52 ae a 


ip CONV Pulse Wie COW |_| TT TT 


Te Case Temperature —25 Le th ee —55 a 125 0 
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Electrical characteristics within specified operating conditions at nominal supply voltages 
Temperature Range 
Parameter Test Conditions Limits (Min or Max) Units 
Te Case Temperature [Industrial =| +25 | -25 «| +25 | +05 | °C 
a 
lec Positive Supply Current 10Msps, No Load | 500 | 640 | 600 | 580 | mA 
lee Negative Supply Current © 10Msps, No Load | 440 {700 630 {| 550 | mA 
+ ___ V+ Supply Current 10Mspe, No Load a a a 
Egan Gain Error pNotet CE 8 TT |S 
ERcr Reference Voltage Error Variation of REF OUT 
from 2.000V 2 10 mV 
r Digital Input Current Logic HIGH | 80] 350 350 350 pA 
I___Pigital Input Current Logic LOW pe 2 28 | 28 | mA 
VoL Digital Output Voltage Logic LOW, Ip, =4mA | 02 | OB} OB YO V 
loZH Digital Output Leakage Current | Logic HIGH, OE=HIGH a ee 150 | 150 | 150 pA 
loz_ __ Digital Output Leakage Current | Logic LOW, OE=HIGH | T1580] 150 | 150 pA 
los Short-Circuit Output Current Digital Outputs ff OO? 00 e108. mA 
Note: 1. GAIN ADJ and OFFSET ADJ pins grounded. 
Switching characteristics within specified operating conditions 
| Temperature Range 
Parameter Test Conditions | Typ Limits (Min or Max) Units 
Tc Case Temperature | Industrial =F» | «+25 | -25 =| +25 «| +85 | °C 
| Military 85 25 +125 | 
tp Data Output Delay Standard TTL Test Load, Figure 4 ns 
tHo Data Output Hold Time Standard TTL Test Load, Figure 4 or ee a a eae ns 
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TAA | | 
System performance characteristics within specified operating conditions 
Temperature Range 
Parameter Test Conditions Limits (Min or Max) Units 
Te Case Temperature | Industrial == | +25 | -25 | +25 | +85 | 
[miitay | 85 «| ets «| (tas vc 
Ey Linearity Error, Integral Note 1 | 12 | 40 | 40 | 40 | LSB 
TCg Oftset Error, Note 5 300 150 pvicC 
Temperature Coefficient 
TCe Gain Error, Note 5 035 %FS/°C 
Temperature Coefficient 
TCip Input Bias Current, 250 pAI°C 
Temperature Coefficient 
SNR Signal-to-Noise Ratio Fo = 10Msps, 
Ain = 404kHz 67.5 dB 
SINAD — Signal-to-Noise and Note 2, 
Distortion Ain = 404kHz 61 dB 
Ayy=aouemiiz | 62 | 87 | 89 | s65 | 
THD Total Harmonic Distortion Note 2, 
Ajn = 404kHz —71.2 — 63 — 63 dB 
Ayy=4cuewne | 646 | -8 | -60 | -o7 | @ 
WMB__nvermaduiation Batorion [Noes | 4 TT ST CLC 
SFDR Spurious Free Dynamic Note 2, 
Range Ain = 404kHz 74.2 dB 
EFB Effective Bits Fo = 10Msps, 
Ain = 404kHz 9.84 9.84 Bits 
BWss Small Signal Bandwidth Vin =0.5Vp-p | re ee eee MHz 
tor Overload Recovery 100% Overrange ee ee ee ns 
SPC___Spurious Codes ee es Oe Be 
Notes: 1. Fo=10Msps, Aj = 100kHz. 
2. Fo=10Msps, 1dB below full-scale. 
3. Fo=8.006Msps, Ajyy=2.20+2.49MHz. Each fundamental 7dB below full-scale, summed signal 1dB below full-scale. 
4. Vin = full-scale step. 
5. GAIN ADJ and OFFSET ADJ pins grounded. 
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Thermal characteristics 
Parameter | Max Units 
— -ATye .— Junction- to- Case Témversiiva | Rise (Worst Case Power Dissipation °C 
Oca _Case-to-Ambient Thermal: Resistance ; | 
Still Air °C/W 
500 LFPM Airflow °C/W 


~ Definitions 

SNR (Signal-to-Noise (S/N) Ratio) 

The ratio, expressed in decibels, of the RMS level of the 
output signal to the RMS level of the in-band noise. This 


noise is measured with the signal present, and excludes 
harmonic distortion products. 


THD (Total Heimouie Distortion) 


The ratio, expressed in decibels, of the RMS sum of the 
first 10 harmonics of the output fundamental to the 
RMS level of the output fundamental. 


SINAD (Signal-to-Noise and Distortion (S/[N + D]) 
Ratio) 


The ratio, expressed in decibels, of the RMS level of the 
output signal to the RMS sum of both the in-band noise 
and the RMS sum of the first 10 harmonics of the 
output fundamental. 


SFDR (Spurious Free Dynamic Range; also SFSR, 
Spurious Free Signal Range) | : 


The ratio, expressed in decibels, of the RMS level of the 


output fundamental to the RMS level of the largest 
spurious signal. | 


EFB (Effective Bits) 


The hypothetical number of bits possessed by a perfect 
A/D converter whose performance equals that of the 
converter under test with the signal and at the 
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conditions specified. EFB is computed directly from — 
SINAD with the formula: 


EFB =(SINAD —1.76dB)/6,02dB 


“and therefore can have any fractional value and varies 
with input frequency and other conditions. For a theoreti- 


cally perfect 12-bit A/D converter driven to full-scale at 
the Nyquist frequency, SINAD=74dB and EFB=12.00. 


IMD (Two-Tone intermodulation Distortion) 


~The ratio, expressed in decibels, of the largest output 
frequency spur to either of the two equal-level output 


fundamentals. - 


tTR (Transient Response Time) 


The time required to begin returning ‘accurate data after 
a full-scale input voltage step whose initial and final 
voltages are within the analog input range. tyR Is an 
analog domain parameter and excludes pipeline latency. 


tor (Overload Recovery Time) : 


The time required to begin producing accurate data after 


the input voltage returns to the allowable range, 


following an excursion to 200% of either full-scale limit. 
toR 's an analog domain parameter and excludes pipeline 


latency. 
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Typical Performance Curves 


A. Typical Power Supply Current vs. Temperature B. Typical SINAD, SNR and Distortion 
vs. Analog Input Frequency (10Msps) 


525 12 
500 72 
=z 
8 
A75 ez wo 
x = Lu 
> 
E 450 f 68 11 5 
D - SNR © 
Lu 2) Li. 
mc 425 Oo 7 
oc 
=) = 
rs) eo) 
400 F 64 THD 
oe | 
<x 
=a 
375 O 10 
D SINAD 
350 60 
50 -25 O +25 +50 +75 +100 +125 1 2 3 4 5 
CASE TEMPERATURE (“C) pi aek ANALOG INPUT FREQUENCY (MHz) SySaoa 
C. Typical Output Spectrum 
7 | HD @ = -78.2 SINAD = 66.2 dB | 
' HD See 7 RC9 FR = 10.7 bits | 
sae | HD 4 = -86.3 THO(LO}= 73.5 dé 
| | HD & = -84,7 SNR C40;= 67.1 db 1 
L HD & = -9B 2 MAXHD(SFDRI= 77.9 dB | 
| HD Y= -86.5 ReMGE= FS-0.98 dB 
_ac.oob HD @ = -89.9 FIM = SOS.2710 kHz | 
HD 9 = -S7.2 FS = 10.000 MSPS | 
HD 10 = -91.6 MAXCODE= 1832.5 
HD Ld = -90.4 MINCODE= -1926.5 | 
~§0,00 
us | 
G -80. ee _ 


=e Lake |e at eee Was Cape he ke 


-~120. 
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Figure 5. Typical Interface Circuit 


10uUF 
+5V 
Es NC 
MSB 
10uF 
-5.2V 
‘Vv 
THC1202 | LSB 
C = 0.1uF CERAMIC 
10uF VV 
+15V < 
G T/H OUTPUT NC 
GAIN ADJ 
OFFSET ADJ 
REF OUT 
ANAL 
BUTE C_..  .S AN Soe aay 
1, 6, 21, 23, 
30, 38, 40 
CLOCK 


21334A 
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Evaluation Board 


The THC1202E1C is a Eurocard-style printed circuit board jumper J9. The DIP switch controls OE and RANGE, 
designed to aid in the evaluation of the THC1202 A/D which are both pulled HIGH when the switches are 


converter. The board dimensions are 100mm x 160mm open. 

with a standard 64 pin double-row DIN male connector 

installed. A complementary 64 pin double-row DIN The analog signal input to the THC1202, Ajj is normally 
female connector is included with the board. brought onto the board by way of an SMA connector 


labeled “Ajyy near pin 45 of the THC1202. A resistor 
The board employs only two conducting sides. Most of network, R13 through R16, is included on the board for 


the circuit interconnections are on the bottom of the terminating and attenuating the signal in user-determined 
board while the top is mostly solid ground plane. SMA impedances and losses. 

connectors are installed on the board to facilitate analog 

/O and clocks. The circuitry on the board includes all A/D Converter Data Outputs and D/A Converter 


power supply decoupling required for the THC1202, and Data Inputs 


a 1DC1012 12-bit D/A converter which may be used in 
The 12 data outputs of the THC1202 are brought to 
evaluating certain parameters of the THU1202. edge connector pins B9 through B21 (excluding B18). 


These pins are located directly across the edge connector 
The THC1202E1C board has been designed to be used, 
not only for the THC1202, but also for the THC1200 and trom the 12 cata Hae? He TBC1020 Tea 
THC1201 A/D converters. Therefore, the board has to simplify connection o outputs to D/A inputs. 
interconnect patterns for some circuitry that is not used DIAC raen ae 
by the THC1202. Jumpers J3 and FI will be installed, ea a 
while all others are not. The clock to the TDC1012, CLK, is normally brought onto 

the board through an SMA connector labeled “CLK” 

The board ts calibrated and tested at the factory and is —s near pin 16 of the TDC1012. A location for a terminating 
supplied complete with THC1202 and 1TDC1012 installed. resistor, R6 is provided for clock cable termination. The 


clock input to the TDC1012 is also brought to the edge 
Power and Ground connector pin B24. 


Four power supply voltages are required for the | 
operation of the THC1Z02E1C: Voc=+5V, Vep=—5.2V, 2, OGnvelter outputs are snc eee apiece 
V+=+415V and V—- =—15V. All power inputs are eae vo ee Becta 


decoupled to a single solid ground plane, GND. All GND pins B28 and B27. Load resistors of 51.19 are provided 


pins of the board are connected to the ground plane and on the board to facilitate 50Q cable connection to the 
it is recommended that all GND pins be used. _ board. 


Potentiometer R11 is used to adjust the reference voltage 
| | to the TDC1012. This voltage is adjusted to —1.0V as 

The clock to the THC1202, CONV, is normally brought part of the factory test and calibration procedure. 

onto the board by way of an SMA connector labeled 3 

"CONV" near pin 24 of the THC1202. A location for a Removing the jumper in the location labeled “FT” will 

terminating resistor, R20, is available on the board for put the TDC1012 into feedthrough ({unclocked) mode. This 

terminating clock cables. CONV may be brought onto the eliminates the requirement for a D/A clock signal, but 

board through the edge connector pin B2 by installing will degrade the fidelity of the TDC1012 reconstruction. 


A/D Converter Inputs 
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THC1202E1C Silkscreen Layout 
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THC1202E1C Circuit Side Layout 


ve 


THC1202E1C Eurocard Edge Connector Pinout 


GND A32 B32 V- (-15V) 
GND A31 B31 V+ (+15V) 
GND A30 B30 NC 
GND A29 B29 NC 
GND A28 B28 D/A OUT+ 
GND A27 B27 D/A OUT- 
GND A26 B26 NC 
GND A25 B25 NC 
GND A24 B24 D/A CLK 
GND A23 B23 NC 
GND A22 B22 NC 
D/A Dy MSB_ A21 B21 A/D Dy MSB 
A D2 A20 B20 A/D D2 
D/A D3 A19 B19 A/D D3 
GND A18 B18 Vcc (+5V) 
D/A Dq At7 Bi7 A/D Da 
D/A D5 Al6 B16 A/D Ds 
DIA Dg At15 B15 A/D Dg 
D/A D7 A14 B14 A/D D7 
DIA Dg A13 B13 A/D Dg 
D/A Dg A12 B12 A/D Dg 
D/A Dig 11 B11 A/D Dig 
D/A Dz; A10 B10 A/D D4 
D/A D142 LSB A9 BS A/D Dy2 LSB 
NC A8 B8 NC 
NC A7 B7 NC 
NC AG B6 NC 
NC A5 B5 NC 
GND A4 B4 NC 
GND A3 B3 NC 
GND A2 B2 A/D CONV 
GND At B1 = Veg (—5.2V) 
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Mating Connectors for THC1202E1C 


AMP 
AMP 


Robinson-Nugent 
Robinson-Nugent 


Souriau 
Souriau 
Souriau 


932507-2 
032507-1 


RNE-64BS-W-IG30 
RNE-64BS-S-1630 


8609-264-6115-7550E1 
8609-264-6114-7550E1 
8609-264-6813-7550E1 


Wire-wrap 
solder tail 
Wire-wrap 
solder tail 
Wire-wrap 
solder tail 
Solder tail, 
right-angle 
bend 
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Figure 6. THC1202E1C A/D Converter Schematic Diagram 


+5V +5V +5V +15V 
Note: The following components are NOT installed in the THC1200E1C or THC1201E1C: C4 yp Ci0 , 
| | 10 10 
R17, R19, R21, R22, R23, R24, R25, R31, R32 | =. : 
eae a, ee i . C28 C23 cit 
C19, C25,C26,C27 - | ‘0, ot - bi | THCt200 THC1201 
DIP switch (THC1201 only) ~ 4 6 O ® 
2 igs : | | J6 J5 
| C7 C29 C17 C18 
ot 01 | 0.1 0.1 0.1 
3 (2) 21} 30(22,28,29)}  § — 44.(34) 34 
conv © , : : __ 
ae Fan 24 (24) | : THC1202 MSB 
pis BAP -Op0 | THC1202D, MSB F-—© 5 


An G- Nees 45 (39) | | 
ails. R13 THC1201/1202 Dy MSB [9 (9) n°" 


, TBD TBD B21 
Ris : 1 oer, THC1200 D, MSB THC120X MSB 
Pee 95 10 (10) 

. — Rie (25) aa B20 
C19 +5V a face, 12 (12) B17 
0.1 13 (13) 

THC1200 aa Bié 
THC1201 (14 
O-+—4 RANGE THC1200 . B15 
2.21K a } (THC1202) 15 (15) a 
p 60H - 
17 (17 
"OFFSET" '° . O-o——4 OFFSET ADJ. THC1202 we B12 
| c25 12” opsoo are Bit 

0.1 B10 

027 20 (20) 5 

0.1 40 3 46 

33 : 
1, > Bg oY GAIN ADU. THC1202 V 
OP400 1, 23, 26, 32, 35 
(35) (1, 6, 21, 23, 30, 38, 40) 
O——1 REF THC1202 
\/ 
oo 
THC1201 
F one 22 
U4 
R25 
100K THC1201 
‘7 N72 
THC1201 
27S, 38 
Jp? 
C16 C20 | 
0.1 0.1 7 
5V BV BV -15V : 21311A 


302 7 TRW LSI Products Inc. 


THC1202 tw 


Figure 7. THC1202E1C D/A Converter Schematic Diagram 
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Ordering Information 


Product 
Number 


THC1202S6B 
THC1202S6V 


THC1202E1C 


Package 
Marking 


THC1202S6B 
THC1202S6V 


THC1202E1C 


ri ia 
IND—-Te= —25°C to 85°C Industrial 40 Pin Hermetic Ceramic DIP 
EXT—Te= —55°C to 125°C MIL-STD-883 40 Pin Hermetic Ceramic DIP 


Temperature Range 


STD—T,y=0°C to 70°C Eurocard Format Board with 
Industrial Grade A/D Converter 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC1241 TAtrwW 


Self-Calibrating 12-Bit Plus Sign «P-Compatible A/D Converter with 
Track-and-Hold 


TRW’s TMC1241 is a CMOS successive approximation Features 
analog-to-digital converter with 13-bit resolution. The so Shes Bee fea, Horio es mlesiere cA 
outstanding pertormance of the TMC1241 is the result De ee ner rn egagty © ag 
of self-calibration, which reduces linearity and full-scale e Internal Track/Hold 
errors to less than +1/2 LSB and offset error to less e Conversion Time 13s, Maximum 
than +1 LSB. The TMC1241 performs an Auto-Zero © Auto-Calibration And Auto-Zero Cycles 
function that minimizes offset error. The Auto-Zero © Linearity Error Less Than +1/2 LSB 
function can be performed as needed or prior to every 
e Offset Error Less Than +1 LSB 


A/D conversion. 

Full-Scale Error Less Than +1 LSB 
The TMC1241 includes a track/hold input stage for e Power Consumption 40mW, Maximum 
sampling the analog input signal. Both unipolar and ° No Missing Codes, Guaranteed 
bipolar analog input voltage ranges (0 to +5 and +5V) 


are accommodated. The TMC1241 requires only two © TILICMOS Compatible 
power supplies, +9V. e Standard 28 Pin DIP Package 


The TMC1241's two's complement output data format Applications 
uses the 13th bit to indicate the polarity of the input 2 
signal. Digital inputs and outputs are compatible with TTL 
or CMOS logic levels and have microprocessor interface 
features. 


Process Control 
Instrumentation 
Data Acquisition Systems 
e Motion Control 
e Digital Signal Processing 


Functional Block Diagram 
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. RF 


Pin Assignments 


DVo¢ 
DB,» (SIGN) 


DB,, (MSB) 
DB i 


TMC1241 


DB, (LSB) 


21359A 


28 Pin CERDIP — B6 Package 


Functional Description 


General Information 


The TMC1241 is a successive approximation A/D 
converter with 13-bit resolution (12-bit plus sign). The 
TMC1241 can perform Auto-Cal and Auto-Zero routines 
to minimize full-scale, linearity and offset errors. It 
comprises a D/A converter, precision comparator and a 
successive-approximation register (SAR) along with digital 
and analog circuitry for self-calibration. 


The Auto-Zero cycle is an internal calibration sequence 
that corrects for A/D offset error caused by the input 
offset voltage of the comparator. The Auto-Cal cycle is a 
calibration sequence that not only corrects offset error 
but also corrects for full-scale and linearity errors caused 
by D/A converter gain and linearity errors. The Auto-Cal 
feature eliminates the need for trimming or other 
adjustment methods in the manufacture of the TMC1241. 
The Auto-Cal cycle restores the accuracy of the 
TMC1241 whenever it is requested. This ensures 
excellent long-term and temperature stability. 


Power and Ground 


The digital and analog power supply voltage range of the 
TMC1241 is +4.5V to +5.5V. To guarantee accuracy, it 
is required that the AVcc, pin 4, and DVcc, pin 28, be 
connected to the same power source, but with separate 
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decoupling capacitors (10uF tantalum and a 0.1pF 
ceramic) between AVcc and DVcc¢ and ground. V—, pin 
5, has a range of —4.5V to —5.5V and and should have 
1OuF tantalum and 0.1uF ceramic capacitors for power 
supply decoupling. — 


Although AGnp and Denp, pins 3 and 14 respectively, 
are distinguished from each other on the TMC1241, they 
should be connected together on the system printed . 
circuit board to eliminate differential ground noise 
voltages which may degrade performance. Agnp and 
DeNp should be connected together as close to the 
TMC1241 as passe 


Analog Inputs 


The voltage applied to the Vprr input, pin 2, defines the 
input voltage range of the Vij input, pin 1, over which 
4095 positive output codes and 4096 negative output 
codes are found. The A/D converter can be used in 
either ratiometric or absolute applications. The voltage — 
source driving VReF must have a low output impedance — 
and low noise. The circuit in the Typical Interface 
Circuit is a good example of a very stable reference 
source for the TMC1241. 


In a ratiometric application, the analog input voltage is 
proportional to the voltage used for the Vper. If Vij is 
related or proportional to AVcc, VReF can be connected 
directly to AVcc. Here, Vjny and Vper are related and 
track each other as the power supply voltage changes, 
making the output code of the TMC1241 pee raesl of 


‘power supply voltage variations. 


For absolute accuracy, where the Vj\\ varies 
independently of power supply voltage, Varr should be 
driven from a time and temperature-stable voltage source 
like that shown in the Typical Interface Circuit. The 
magnitude of VafF may require an adjustment to achieve 
system gain requirements. 


Due to the architecture of the TMC1241, a variable 
current will flow into or out (depending on Vj) polarity) 
of the Vij pin at the start of the analog input sampling 
period, ta. The peak value of this current is proportional 
to the magnitude of the applied Vij). A small capacitor 
from Vinj to AGNp can be used to reduce noise and 
clock feedthrough due to inductive coupling from long | 
input leads and will not degrade the accuracy of the 
conversion. It is advisable, however, to keep Vij) and 
Ver input lines as short as possible. 
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Analog Inputs (cont.) 


The analog input can be modeled as shown in the 
Analog Input Equivalent Circuit. Large source 
resistance, Rs, will lengthen the time necessary for the 
voltage on Crer to settle to within 1/2 LSB of the 
voltage on Vij. With fox of 2MHz, ta takes seven 
clock periods, or 3.5us. When Rg Is less than or equal 
to 1kQ, a 5.0V Vjjy will have adequate time to settle. 


Auto-Cal and Auto-Zero Cycles 


When power is initially applied to the TMC1241, an 
Auto-Cal cycle is executed which cannot be interrupted. 
Since the power supply, reference, and clock are not 
usually stable at initial power-up, this first Auto-Cal cycle 


will not result in an accurate calibration of the TMC1241. 


An additional calibration cycle should be started after the 
power supplies, reference, and clock have been given 
adequate time to stabilize. 


When CAL, pin 9, is LOW, the TMC1241 is reset and an 
Auto-Cal cycle is initiated. During the Auto-Cal cycle, 
correction values are determined for the offset voltage of 
the comparator as well as linearity and gain errors. 
These values are stored in the internal RAM and used 
during A/D conversion cycles to reduce the TMC1241's 
gain, offset, and linearity errors to the specified limits. It 
is only necessary to go through the Auto-Cal cycle once 
after initial power is applied. 


To correct for any change in the offset error of the A/D 
converter, the Auto-Zero cycle can be used. It may be 
necessary to execute an Auto-Zero cycle whenever the 
ambient temperature changes significantly (See the curve 
titled “Zero Error Change vs. Ambient Temperature” 
in the Typical Performance Curves). A change in the 
ambient temperature will cause the offset voltage of the 
comparator to change, which may cause the offset error 
of the A/D converter to be greater than its specified 
limit. 


With the AZ input, pin 6, held LOW during a conversion 
cycle, the TMC1241 will execute an Auto-Zero cycle 
before the actual A/D conversion cycle is started. The 
total conversion time (tc) is increased by 26 clock 
periods when Auto-Zero is used. An Auto-Zero cycle will 
reduce the offset error of the TMC1241 to less than +1 
LSB. 
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Microprocessor Interface Controls 


On initial power-up, an Auto-Cal cycle is executed by 
bringing CAL LOW while CS, RD and WR are HIGH. To 
acknowledge that the Auto-Cal cycle is in progress, EOC 
goes LOW after the falling edge of CAL and remains 
LOW during the Auto-Cal cycle duration of 1,396 clock 
periods. During the Auto-Cal cycle, first the comparator 
offset error is determined and then the D/A converter 
gain and linearity errors are found. Correction factors for 
these errors are stored in the internal RAM. 


An A/D conversion cycle is initiated by bringing CS and 
WR LOW. The AZ input should be tied HIGH or LOW 
during the conversion process. If AZ is LOW when A/D 
conversion is executed, an Auto-Zero cycle (duration 
equals 26 clock periods) occurs before the A/D 
conversion is started. If AZ is HIGH, no Auto-Zero cycle 
is executed. Once the A/D conversion sequence is 
started, Vjjy is tracked for seven clock periods and held 
thereafter. EOC then goes LOW, indicating that Vij is no 
longer being tracked and that the successive approxi- 
mation conversion sequence has started. 


During an A/D conversion cycle, the held Vij) Is 
successively compared to the output of the corrected 
D/A converter (main and correction D/A converters). 


First, the held voltage is compared to analog ground to 
determine its polarity (sign bit). The sign bit is set LOW 
for positive Vij) and HIGH for negative Vin. Next, the 
MSB of the D/A converter is set HIGH with all other bits 
LOW. If the the held voltage is greater than the output 
of the D/A converter, then the MSB is left HIGH; 
otherwise, it is set LOW. The next bit is then set HIGH, 
making the output of the D/A converter 3/4 or 1/4 of 
full-scale, depending on the outcome of the previous bit. 
If the held voltage is greater than the new D/A 
converter value then the bit remains HIGH. If the held 
voltage is less than the new D/A converter value the bit 
is set LOW. This process continues until each bit has 
been tested. The result is then transferred to the output 
register of the TMC1241. EOC goes HIGH and INT goes 
LOW indicating the end of the conversion. The result can 
now be read by bringing CS and RD LOW to enable the 
DBg-17 outputs. 
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Microprocessor Interface Controls (cont.) 


The A/D Control Input Functions (Table 1) summarizes 
the effect of the digital control inouts-on the TMC1241. 
Test Mode (where RD is HIGH and CS and CAL are 
LOW) is used in the manufacturing process of the 
TMC1241. Care should be taken to avoid this mode. In 
Test Mode DB9, DB3, DBs, and DBg become active 
outputs, which may cause data bus contention. 


The TMC1241 can be completely reset, aborting all 
sequences that may be in progress. The A/D converter Is 
reset where a new conversion Is started by taking CS 
and WR LOW. If this occurs when Vij, is being tracked 
or when EQC is LOW, the Auto-Cal correction factors in 
RAM may be corrupted. After reset, it is necessary to 
execute an Auto-Cal cycle before the next A/D 
conversion cycle. The Auto-Cal cycle cannot be reset 


once started. 7 


Summary of Control Inputs 


CS The Chip Select control input, pin 10, is 
active LOW and enables the WR and RD 
functions. 

WR ~~_—_ The A/D conversion is started on the rising 


edge of the Write control input, pin 7, 


when CS is LOW. 


RD ~The Read control input, pin 11, is active 
LOW and Is used to enable the three-state 
data outputs and reset INT HIGH when CS 


is LOW. 


AZ 


EOC 


DBg.12 


With the AZ input, pin 6, held LOW during 
a conversion cycle, the TMC1241 will 
execute an Auto-Zero cycle before the 
actual A/D conversion cycle is started. The 
total conversion time (tc) is increased by 26 
clock periods when Auto-Zero is used. 


When CAL, pin 9, is LOW, the TMC1241 is 
reset and an Auto-Cal cycle is initiated. 


The clock input, pin 8, controls all sequence 
timing and A/D conversion time. The 
frequency range for CLKy\y Is from 0.50 to 
AMHz. — 


The End-of-Conversion control output, pin 
12, is LOW during A/D conversion, Auto-Cal 
and Auto-Zero cycles. | 


The interrupt control output, pin 13, goes 
LOW when a conversion has been 
completed and indicates that the conversion 
result Is available trom the output register. 
Reading the outputs or starting an A/D. 
conversion, Auto-Cal or Auto-Zero cycle will 
reset in INT going HIGH. 


The three-state outputs, pins 15 to 27, give 
A/D conversion results in two's complement 
format with DB? being the sign bit, DBy1 
the MSB and DBg the LSB. 


Table 1. A/D Control Input Functions 


Control! Inputs 


ef-(SISI5 [gl 
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A/D Function 


Loci. see 8, is oe Start A/D conversion without Auto-Zero 


Read A/D conversion result without Auto-Zero 


a0 Star conversion with Auto-Zro 
Start Auto-Cal oycle 


| x | Test Mode (DB, DB3, DBs and DBg active) 
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Package Interconnections 


Signal Signal 


Type | Name B6 Package Pins 


+5.0V 4 
+5.0V 28 
—5.0V 5 


OV 3 


0.0V 14 Qu 


Power Vcc Positive Analog Supply 
Positive Digital Supply 


Negative Analog Supply _ 


Ground 


So 


Analog Ground 


Denp Digital Ground 


Analog Inputs 


| Age | _—_Positve Analog Supply 
[eg sive Dial Supply 
P| Negative Ansiog Supp 
| Agua =| Analog Ground 
PPeno | ___ Distal Ground 
Fav 
Digital Inputs TTL 8 
cal TTL 
es eee Sa TT Ee I 
TTL 
a 10 
Digital Outputs 12 
3 
TT 2 
z 
a eS B 
ee z 
DB Sane raeei aerated (EWEN z 
eel): ee! Caen i E 2 
08 ee Z 
EL ee Am, ae SE 2 
DB ee 3 
SL E 
0B) ot i 
cali  aseeneae (Renee vena) RE NET E 


Figure 1. Timing Diagram, Auto-Cal Cycle (CS=HIGH, WR=RD=AZ=Don't Care) 
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Figure 2. Timing Diagram, A/D Conversion Cycle with Auto-Zero (CAL=HIGH, AZ=LOW) 
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Figure 3. Timing Diagram, Normal A/D Conversion Cycle without Auto-Zero (CAL=AZ=HIGH| 
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Figure 4. Simplified Error Characteristics vs. Output Code without Auto-Cal or Auto-Zero Cycles 
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Figure 6. Transfer Characteristics 
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Figure 7. Analog Input Equivalent Circuit 
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Figure 8. Output Test Loads 
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Output Coding Table 


Input DBy, . . . DBg 
Voltage 
> 4.096V 117171 #41771 «+1111 
+ 4,096V 1171 1111 #1111 
+ 4.095V 1111 1111 #1110 
+ 4.094V 1111 1111) 1101 
e ® 
e e 
+ 0.002V 0000 0000 0010 
+0.001V 0000 0000 0001 
0.000V 0000 0000 0000 
—0.001V 1111 #17111) «#1111 
—0.002V 1111. 1111 +1110 
e e 
e @ 
—4.094V 0000 0000 0010 
— 4.095V 0000 0000 0001 
— 4.096V 0000 0000 0000 
<4.096V 0000 0000 0000 


Note: 1. The input voltage range used for this table is + 4.096V 
and the input voltages are measured at code centers. 


Absolute maximum ratings (beyond which the device may be damaged) 1.2 


Supply Voltages 


DV ices sas Savstes atcha tuna cteachazassia staan te sch innoneatsenebnbcanonboancatsnsatiatclanaciah taar aah ee Neabtairtaaiavanecntierons —0.5 to +6.5V 
PAN Gi socssdeci oto ecleee tes ccttuteep dost cha wees taaf gata eecaea INADA ada ae serornnaeaaagheap Nana Onda: —0.5 to +6.5V 
NS ape cte case eee teach as etse acest D0 ct ded Sy eee cag bate decent eect sates see eee AIS ta OARS een INT eo +0.5 to —6.5V 
AVec—-DVcc US oe auteurs dostbbenseeien tue pmo adh nase ces eee es toe ues hse Sedat Sok A ect ea fas Doe De —0.3 to +0.3V 
PANIES GIB) ees oteneah etude songs sacar cat dane nl baa casks tnc a Bead sous std gtiansafioaagei cau kancbeetin sani asantaninianes —0.3 to +0.3V 
Input Voltages 
EDUCUUEEAD BAM ELUS stasis te scene hae esas screened eeu aeay aceon tases Rad eaeda asada Paces Cocos caw eso meee tac cashes DVcec+0.3) to -0.3V 
PRIVACY: UM PUES essere siss ecu tates Rca ences aalsne Rede tus ite usta va shtecte ai wdiaaactenss eaadts adele devia asso ag au (AVec + 0.3) to (V— —0.3)V 
Outputs 
Digital Outputs, applied Voltage ou... eecssssssssssescsssssseesscssessescssesscscsssescscsssscsssesessesesescsesuscosscssacseessacacseterscaeeeseecarers —0.5V to DV¢c 
Input current, any pin, externally forced 3 oioccecssssssssesssssesscssscsssscsssssucessssssssssssssssessssssssesssssessssssuscsssssiesssutesssecssseeesssensen + 5mA 
Short-circuit duration (Single output to GND) ue sescssessssssssesessssssssesssesessssesssessesssssceseacseescescessssssesseassesuecsessscareeees Unlimited 
Temperature 
CP OLAS CASO seis ce op siicy costeat octet tes Saat cau acta se ceesccaantws carsales Raa atts hag np ade vg ea A Su Slbecc aa ts aanshesesiin need —60 to +135°C 
Lead, soldering (10 S@CONAS) ou... sessesesssesesssessesescscscsssesescseaceceesssensnsesasecesesseeeeseeeess isa lebRcanes Caden at iaesasce se cae teaches + 300°C 
5 (0) 7 1 (> eee On TO sds dd icodbcucidhiCotesedutepsch a eadatea batesuah Sie Getaliaee a vecnancaaea tees —65 to +150°C 
Peace Weaatye VA posh? Gear Oe INE © spice. 8 hoes casei ice seca asy wsoetcec ee ttare seen ota toscasctee N ctst sabea avec daeecaee serous +20mA 
Package Power Dissipation at 25°C 4 oo... ccccccccscsssssssssssssecsssecsssesssscssssesssesssscssscssasessessssessssessesessecsseesssvessnecssstssensnsessesssenss set denndeus 875mW 
ESD) SUS cea tinny © ccsssecctctece ss clon cca tecas cose eet eccevcees actin cachet tcteticags sete ad aca tenets eaeecaigeta ee ae en eee 2000V 
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Ul. art 
Operating conditions 1.2.16.17.18 
Temperature Range | 
Parameter [Min [Nom [Max [Min [ Nom | Max | Units 
Acq, Dog Positive Power Supply Voltages 81 ee v 
VIL Input Voltage, Logic LOW, V 
all but CLK), DVec =4.75V 
Vin Input Voltage, Logic HIGH, 2.0 V 
all but CLKjy, DV¢¢ =5.25V 
Ty Junction Temperature, | °C 
TMC1241B6B, TMC1241B6B1 
Ty Junction Temperature, (+125 °C 
TMC1241 B6F | 
Electrical characteristics within specified operating conditions !.2.5.7.8,9,16,17 
Parameter Test Conditions Typ eS ee a Units 
Digg Vcc Supply Current ee eee mA 
Alec AVcc Supply Current ee ee mA 
Vj_-_Negatve-Going Threshold UK ~~ tJ | af | a8 |v 
Vou Output Vtiage, Logie HIGH NT v 


314 


TRW LS! Products Inc. 


TMC1241 arty 


Switching characteristics within specified operating conditions '.2.5./.8.5.16,17,18 ° | 


Temperature Range 
[Industrial |__Extended 


Parameter Test Conditions oy ae er Units 

tc Conversion Time a ae 27/fo, x +0.3 aa 27/fc, x +0.3 | ws 

a 

ta Acquisition Time 14 Ro = 500 PT Tex +03 [| Tf +0.3 | us 
fou=zomez [8 | TCTs Cu 

iz Auto-Zero Time ee es a Lo 

fxazome [ECT 

ical Calibration Time SS Lcd A 

tPWCAL Calibration Pulse Width | Note 15 | 60] 200 | | | 


System performance characteristics within specified operating conditions |.2.5.7.8.9,16,17 


Temperature Range 


|_Industrial | Extended | 
Parameter Test Conditions Typ | Min | Max | Min | Max | Units 
Ep Positive Integral Linearity Error | After Auto-Cal 10.11 
TMC1241B6B1 +0.5 LSB 
TMC1241B6F, TMC1241BEB =f =f sf {| 41.0 | LSB 
Evin Negative Integral Linearity Error | After Auto-Cal 10.11 
TMC1241B6B1 +0.5 LSB 
TMC1241B6F, TMC1241B6B. | CTs] 1] ] + 1.0 | LSB 
Eip _ Differential Linearity Error After Auto-Cal 10.11 a ee i Bits 
Ersp Positive Full-Scale Error After Auto-Cal 1 +05 | | +10] | +10 LsB 
Ersoy Negative Full-Scale Error After Auto-Cal 1 £10 } | £20 as +2.0 | LSB 
EZ Zero Error 11.12 After Auto-Cal or Auto-Zero i. +1.0, Pl +1.0 | LSB 
PSS7 Power Supply Sensitivity, AVcc=DVec= +5.045% +0.125 LSB 
Zero Error '3 V—=—5.0+5%, Vppp= +4.75V 
PSSe Power Supply Sensitivity, AVec=DVec= +5.045% +0.125 LSB 
Full-Scale Error V—=—5.04+5%, Vapp= +4.75V 
PSS; Power Supply Sensitivity, AVcc=DVec= +5.045% + 0.125 LSB 
Linearity Error V—=-—5.0+5%, Vppp= +4.75V 
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Notes for Specification Tables 


ie 


Absolute Maximum Ratings are limits beyond which — 


the device may be damaged. Operating Conditions 
are limits under which the device is guaranteed to 
be functional, but those limits do not guarantee 


specific performance. Guaranteed specifications and 


test conditions are shown in the Electrical, 
Switching and System Performance 
Characteristics Tables. The guaranteed 
specifications apply only for the test conditions 
listed in the Electrical, Switching and System 
Performance Characteristics Tables. Some 


performance characteristics may degrade when the 


3. 


device is operated outside the listed test conditions. 


All voltages are measured with respect to Agnp 


and Denp,. unless otherwise specified. 


When the voltage at any pin exceeds the power 
supply voltages (<< V— or > AVec or > DVec), 
the current at that pin must be limited to omA. 
The 20mA maximum package input current rating 
allows the voltage any any four pins, with a current 
limit of 5mA, to simultaneously exceed the power 
supply voltages. 


The maximum power dissipation must be derated at 


_ elevated temperatures and is dictated by TJmax 
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(maximum allowable junction temperature), OA 


(junction-to-ambient thermal resistance of the 
package}. and Ta (ambient temperature). The 
maximum allowable power dissipation at any 
temperature Is given by: 


PDmax=(TJmax—TAl/@JA 


‘or the number given in the Absolute Maximum 


Ratings Table, whichever is lower. For the 
TMC1241, Tyjmax Is 125°C and the typical thermal 
resistance (Aja) of the TMC1241 with B6F, B6B1, 
and B6B suffixes when board mounted is 47°C/W. 


Human body model, 100pF discharged through a 
1.5kQ resistor. 


Two on-chip diodes are tied to the analog input as 
shown in the following figure, Parasitic Diode 
Structure. A/D conversion errors can occur if these 
diodes are forward-biased more than 50mV. 


Spams 
AKAN 
Parasitic Diode Structure 
Noo E 
Es 
\- 
ao 21368A 
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To guarantee accuracy, it is required that AVcc¢ and 
DVcec be connected to the same power source but 
with separate decoupling capacitors at each pin. 


Accuracy is guaranteed with fcx, equal to 2.0MHz. 
Accuracy may degrade at higher clock frequencies. 


Typical specifications are at Ty=25°C and 
represent the most likely parametric norm (statistical 
mode’). 


Positive linearity error is defined as the deviation of 
the analog value, expressed in LSBs, from the 
Straight line that passes through positive full-scale 
and zero. For negative linearity error the straight 
line passes through negative full-scale and zero. 
(See Simplified Error Characteristic Curves || 


The. TMC1214's self-calibration technique ensures 
linearity, full-scale and offset errors as specified. 

Noise inherent to the self-calibration process will 
result in a repeatability uncertainty of +0.20 LSB. 


When Ta changes, an Auto-Zero or Auto-Cal cycle 
will be required for specified performance. (See 
Typical Performance Curves |) 


After Auto-Zero or Auto-Cal cycle execution at the 
specified power supply extremes. — 


If the CLK}j is asynchronous with respect to the 
falling edge of WR an uncertainty of one clock 


period exists in the ta interval. Therefore, the 
-minimum ta is six clock periods and the maximum 
ta is 7 clock periods. If the falling edge of CLKin| 


is synchronous with respect to the rising edge of 
WR then ta will be exactly 6.5 clock periods. 


The CAL input must go HIGH before an A/D 
conversion Is started. 
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16. Guaranteed specifications apply for 
AVcc=DVcc= +5.0V, V—- =—-5.0V, VpeF= ~5.0V 
and fc. K=2.0Mhz unless otherwise specified. 


Typical Performance Curves 


A. Linearity Error vs. Vref 
14 


| V- = -5.0V 
1.2 AVoc = Vec = +5.0V 


1.0 foLk = 2MHz 


0.8 


LINEARITY ERROR (+LSB) 


0 1 2 3 4 5 
VREF 21369A 


C. Full-Scale Error Change vs. Ambient Temperature 


\V- = -5.0V 
AVcc = Vec = +5,0V 


foLk = 2MHz 
Vrer = *5V 


No Calibration 
No Autozero 


FULL - SCALE ERROR CHANGE (+LSB) 


AMBIENT TEMPERATURE (°C) 21371A 


E. Zero Error Change vs. Ambient Temperature 
2 


ZERO ERROR CHANGE (LSB) 
Qo 


No Calibration 
No Autozero 


AMBIENT TEMPERATURE (°C) Sasan 
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17. Typical performance specifications are for 


Ty=+25°C. 


TAA | | 


18. Rise and fall times for digital inputs=20ns, unless 


otherwise specified. 


B. Linearity Error vs. Clock Frequency 


0.8 
0.7 
0.6 
0.5 


LINEARITY ERROR (+LSB) 


0.1 
0.0 


CLOCK FREQUNCY 


D. Zero Error vs. VREF 


ZERO ERROR (:LSB) 


V- = -§,0V 


: a an 
“Tr 
of fT 


21370A 


Noo = Voc = +5.0V 


foLk = 2MHz 


21372A 
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The Typical Interface Circuit - 


Noise on AVcc, DVec or V— power supply inputs can —_— tantalum capacitors in parallel with O.1uF ceramic 


cause A/D conversion errors should the TMC1241 capacitors are recommended for power supply 
comparator be influenced by that noise. The TMC1241 is decoupling. Separate decoupling capacitors should 
especially sensitive during the Auto-Zero or Auto-Cal be placed close to the DVcc, AVcc and V— pins. 


cycles to power supply noise. Low inductance 10uF 


Typical Interface Circuit 


+5V 
+12V TO 
+15V =e 
2 _» iT 
15-27 
IN5711 15-27 
24 cates (3) DBp.42 |____ > By. 19 
5.23K TMci241 SF" cs 
1MO 0.1% __ |, _ 
0.1 4 WR WR 
4.75K Fr + 
0.1% a 
8 AZ 
: CAL 
8 
: CLOCK 
0.1 
5V 


10 | 
+ 
21374A 


Ordering Information 


Product Temperature Range Package Package 
Number | es Marking 


TMC1241B6F EXT—T, = —55°C to 125°C Commercial 28 Pin CERDIP 1241B6F 
TMC1241B6B STD—Tp = —40°C to 85°C Commercial 28 Pin CERDIP 1241B6B 
TMC1241B6B1 STD—Ty = — 40°C to 85°C Commercial 28 Pin CERDIP 1241B6B1 


TMCI241E1C STD-Ty =0°C to 70°C | == | Eurocard PC Board 1241E1C 


All erence in this specification are guaranteed by design, sample testing, or 100% testing as appropriate. TRW reserves the right to make changes to 
products and specifications without notice. This information does not convey any license under patent rights of TRW LSI Products Inc., TRW Inc., or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Self-Calibrating 12-Bit Plus Sign, 7.7 us, uP-Compatible A/D Converter 
with Track-and-Hold 


TRW’'s TMC1251 is a CMOS successive approximation Features 

analog-to-digital converter with 13-bit resolution. The : ; : 

outstanding nerformance of the TMC1251 is the resultof ® 13-Bit Resolution, 12 Bits Plus Sign Qu 
self-calibration, which reduces linearity and full-scale e Internal Track/Hold 


errors to less than +1/2 LSB and offset error to less than e Conversion Time 7.7 us, Maximum 
+1 LSB. The TMC1251 performs an Auto-Zero function that ¢ Auto-Calibration And Auto-Zero Cycles 
minimizes offset error. The Auto-Zero function can be gatas 
performed as needed or prior to every A/D conversion. ° Linearity Error Less Than +1/2 LSB 
e Offset Error Less Than+1 LSB 


The TMC1251 includes an internal track/hold stage which ~~ e -Full-Scale Error Less Than +1.5 LSB 

is directly controlled with a separate T/H input. Both © Power Consumption 113mW, Maximum 
unipolar and bipolar analog input voltage ranges (0 to + 5 © Fight-Bit Mi | . 
and +5 Volts) are accommodated. The TMC1251 requires eee rer aeeneen Se 
only two power supplies, +5 Volts. e TIL/CMOS Compatible 

e Standard 24-lead DIP Package 
The TMC1251's two's-complement output data format uses 7 
the 13th bit to indicate the polarity of the input signal. The Applications 

13-bit conversion result from the TMC1251 is read from its 

8 outputs in two successive bytes. Digital inputs and Process Control 

outputs are compatible with TTL or CMOS logic levels and = @ Instrumentation 

have microprocessor interface features. e Data Acquisition Systems 


e Motion Control 
Digital Signal Processing 


Functional Block Diagram 


teal ey 


TH EOC 
INT 
VREF 
cs L—_ DBg _ 47 - DBy- 49 
WR 
AO CONTROL | 
CAL LOGIC —— 
CLKiy a : —— ) 21400A 
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Pin Assignments 


RD 

EOC 

INT 
DB7/DBy2 
DBg/DBy2 
DB;/DByy 
DB,/DBy2 
DB/DBy, 
DB»/DB4q 
DB,/DBg 
DBy/DBg 
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24-pin DIP package 


Functional Description 


General Information 


The TMC1251 is a successive approximation A/D converter 
with 13-bit resolution (12-bit plus sign). The TMC1251 can 
perform Auto-Cal and Auto-Zero routines to minimize 
full-scale, linearity and offset errors. It comprises a D/A 
converter, precision comparator and a successive 
approximation register (SAR) along with digital and analog 
circuitry for self-calibration. 


The Auto-Zero cycle is an internal calibration sequence 
that corrects for A/D offset error caused by the input offset 
voltage of the comparator. The Auto-Cal cycle is a 
calibration sequence that not only corrects offset error but 
also corrects for full-scale and linearity errors caused by 
D/A converter gain and linearity errors. The Auto-Cal 
feature eliminates the need for trimming or other 
adjustment methods in the manufacture of the TMC1251. 
The Auto-Cal cycle restores the accuracy of the TMC1251 
whenever It is requested. This ensures excellent long-term 
and temperature stability. 


The internal track/hold not Stage can be controlled by the 
TMC1251 inherent conversion sequencing circuitry or 
externally by the use of the T/H control input. This control 
allows the timing and duration of the analog signal 
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acquisition period just prior to initiating an A/D conversion 
cycle. The 13-bit result is made available in two successive 
bytes trom the eight-bit wide uraue port. 


Power and Ground 


The digital and analog power supply voltage range of the 
TMC1251 is + 4.5V to + 5.5V. To guarantee accuracy, it is 
required that the AVcc, pin 4, and DV¢c, pin 24, be 
connected to the same power source, but with separate 
decoupling capacitors (10uF tantalum and a 0.1uF ceramic) 
between AVcc and DV¢c and ground. V-, pin 5, has a range 
of —4.5V to —5.5V and and should have 10uF tantalum and 
0.1pF ceramic capacitors for power supply decoupling. 


Although Agnp and Denp. pins 3 and 24 respectively, are 
distinguished from each other on the TMC1251, they 
should be connected together on the system printed circuit 
board to eliminate differential ground noise voltages which 
may degrade performance. Agnp and Denp should be 
connected together as close to the TMC1251 as possible. 


Analog Inputs 


The voltage applied to the Verr input, pin 2, defines the 
input voltage range of the Vix input, pin 1, over which 4095 
positive output codes and 4096 negative output codes are 
found. The A/D converter can be used in either ratiometric 
or absolute applications. The voltage source driving Veer 
must have a low output impedance and low noise. The 
circuit in the Typical Interface Circuit is a good example 
of a very stable reference source for the TMC1251. 


In a ratiometric application, the analog input voltage Is 
proportional to the voltage used for the Vaer. If Vin is 
related or proportional to AVcc, Vprr can be connected 
directly to AVcc. Here, Vix and Veer are related and track 
each other as the power supply voltage changes, making 
the output code of the TMC1251 independent of power 
supply voltage variations. 


For absolute accuracy, where the Vij varies independently 
of power supply voltage, Varr should be driven from a 
time- and temperature-stable voltage source like that 
shown in the Typical Interface Circuit. The magnitude of 
Vere may require an adjustment to achieve system gain 
requirements. : 


Due to the architecture of the IMC1251, a variable current 


will flow into or out of (depending on Vx polarity) the Vin 
pin at the start of the analog input sampling period, ta. The 
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Analog Inputs (cont.) 


peak value of this current is proportional to the magnitude 
of the applied Vin. A small capacitor from Vin to AGND can 
be used to reduce noise and clock feedthrough due to 
inductive coupling from long input leads and will not 
degrade the accuracy of the conversion. It is advisable, 
however, to keep Vin and VREF input lines as short as 
possible. 


The analog input can be modeled as shown in the Analog 
Input Equivalent Circuit. Large source resistance, Re, will 
lengthen the time necessary for the voltage on Carr to 
settle to within 1/2 LSB of the voltage on Vjy. With fo. x of 
2Mkz, ta takes seven clock periods, or 3.5us. When Re is 
less than or equal to 1kQ, a 5.0 Volt Vij will have 
adequate time to settle. 


Auto-Cal and Auto-Zero Cycles 


When power is initially applied to the TMC1251, an 
Auto-Cal cycle is executed which cannot be interrupted. 
Since the power supply, reference, and clock are not 
usually stable at initial power-up, this first Auto-Cal cycle 
will not result in an accurate calibration of the TMC1251. 
An additional calibration cycle should be started after the 
power supplies, reference, and clock have been given 
adequate time to stabilize. 


When CAL, pin 9, is LOW, the TMC1251 is reset and an 
Auto-Cal cycle is initiated. During the Auto-Cal cycle, 
correction values are determined for the offset voltage of 
the comparator as well as linearity and gain errors. These 
values are stored in the internal RAM and used during A/D 
conversion cycles to reduce the TMC1251’s gain, offset, 
and linearity errors to the specified limits. It is only 
necessary to go through the Auto-Cal cycle once after 
Initial power is applied. 


To correct for any change in the offset error of the A/D 
converter, the Auto-Zero cycle can be used. It may be 
necessary to execute an Auto-Zero cycle whenever the 
ambient temperature changes significantly (See the curve 
titled “Zero Error Change vs Ambient Temperature” in 
the Typical Performance Characteristics). A change in 
the ambient temperature will cause the offset voltage of 
the comparator to change, which may cause the offset 
error of the A/D converter to be greater than its specified 
limit. Since Auto-Zero cannot be activated when T/H is 
used to start the A/D conversion cycle, It may be necessary 
to do an Auto-Cal cycle (which includes Auto-Zero) 
periodically. 
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With the AZ input, pin 6, held LOW during a conversion 
cycle, the TMC1251 will execute an Auto-Zero cycle before 
the actual A/D conversion cycle is started. The total 
conversion time (tc) is increased by 26 clock periods when 
Auto-Zero is used. An Auto-Zero cycle will reduce the 
offset error of the TMC1251 to less than +1 LSB. 


Microprocessor Interface Controls 


Nn initial nnvarariuin an Auta Cal nvuiala te avanriitad hu 
Vil Hintia! PUVVGI Up, aii FAULU vu 1 uyulG 10 GAGULULGU Wy 
bringing CAL LOW while CS and T/H are HIGH. To 
acknowledge that the Auto-Cal cycle is in progress, EOC 
goes LOW after the falling edge of CAL and remains LOW 
during the Auto-Cal cycle duration of 1,399 clock periods. 
During the Auto-Cal cycle, first the comparator offset error 
is determined and then the D/A converter gain and 
linearity errors are found. Correction factors for these 
errors are stored in the internal RAM. 


An A/D conversion cycle is initiated by bringing CS and WR 
LOW. The AZ input should be tied HIGH or LOW during the 
conversion process. If AZ is LOW when A/D conversion is 
executed, an Auto-Zero cycle (duration equals 26 clock _ 
periods) occurs before the A/D conversion is started. AZ 
must be LOW during the entire A/D conversion. After 
Auto-Zero is complete, the analog signal acquisition time 
period begins and continues for 7 clock periods. If AZ is 
HIGH, no Auto-Zero cycle is executed. At the end of the 
acquisition period EOC goes LOW, indicating that Vix is 
being held and that the successive approximation 
conversion sequence has started. 


CS and T/H may be used to initiate a conversion cycle. 
Bringing both of these signals LOW begins the acquisition 
period; the rising edge of T/H puts the track/hold into the 
hold mode and begins the successive approximation 
conversion. DSP applications require that the time that the 
analog input signal is sampled (the end of the acquisition 
period) be well controlled. Using T/H in this way ensures 
control over the sampling of the analog input signal. 


During an A/D conversion cycle, the held Vix is 
successively compared to the output of the corrected D/A 
converter (main and correction D/A converters). First, the 
held voltage is compared to analog ground to determine Its 
polarity (sign bit). The sign bit is set LOW for positive Vin 
and HIGH for negative Vj. Next, the MSB of the D/A 
converter is set HIGH with all other bits LOW. If the the 
held voltage is greater than the output of the D/A 
converter, then the MSB is left HIGH; otherwise it is set 
LOW. The next bit is then set HIGH, making the output of 
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Microprocessor Interface Controls (cont.) | 


the D/A converter 3/4 or 1/4 of full scale, depending on the 
outcome of the previous bit. If the held voltage is greater 
than the new D/A converter value then the bit remains 
HIGH. If the held voltage is less than the new D/A 
converter value the bit is set LOW. This process continues 
until each bit has been tested. The result is then 
transferred to the output register of the TMC1251. EOC 
goes HIGH and INT goes LOW indicating the end of the 
conversion. The result can now be read when CS is LOW by 
bringing RD LOW twice in succession to enable first, the 
MSBs (DBg thru DB12) and second, the LSBs (DBg thru DB7) 
of the result ae the TMC1251's eee bit wide output 
port. 


The A/D Control Input Functions (Table 1) summarizes _ 
the effect of the digit igital control inputs on the TMC1251. 
Test Mode (where RD is HIGH and CS and CAL are LOW) is 
used in the manufacturing process of the TMC1251. Care 
should be taken to avoid this mode. In Test Mode DB», 
DB3, DBs, and DBg become active outputs, which may 
Cause data bus contention. 


The TMC1251 can be completely reset, aborting all 
sequences that may be in progress. The A/D converter is 
reset where a new conversion Is started by taking CS and 
WR or CS and T/H LOW. If this occurs when Vjy is being 
tracked or when EOC is LOW, the Auto-Cal correction 
factors in RAM may be corrupted. After reset, it is then 
necessary to execute an Auto-Cal cycle before the next 
A/D conversion cycle. The Auto-Cal cycle cannot be reset 
once started. 


When using WR or T/H without AZ to start a conversion, a 
new conversion may be restarted only after EOC has gone 
HIGH after the end of the current conversion. When using 
WR and AZ, a new conversion may be restarted during the 
first 26 clock cycles after the rising edge of WR or after 
EOC has gone HIGH without corrupting the Auto-Cal 
correction factors. 


Acquisition Time and Dynamic Performance 


Each of the three methods of initiating a conversion affects 
the analog signal acquisition period. WR or T/H can start a 
conversion when AZ is HIGH. In either of these cases, the 
rising edge of EOC indicates that the track/hold is in its 
track mode and the analog input signal is being acquired. It 
is advisable, however, to consider the beginning of the 
actual acquisition time to be AFTER the second RD pulse of 
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the previous conversion cycle. In this way, the noise that 
normally accompanies the reading of data from the 
TMC1251's outputs will not affect the signal being 
acquired and therefore, the results of the following 
conversion. | 


When WR Is used to start a conversion with AZ LOW, an ~ 
Auto-Zero cycle is inserted prior to the acquisition period. 
Here, the acquisition timing and duration are controlled by 
the TMC1251. Since the acquisition time must always be 
at least 3.5us, the maximum CLKjjy frequency in this mode 
is limited to 2.0MHz ( 7 cycles at 500ns). A simple circuit is 
shown which is useful when WR initiates conversions with 
and without Auto-Zero. In this circuit, when AZ is HIGH, the 
TMC1251 CLKin frequency is 3.5MHz. When AZ is LOW, 
the TMC1251 CLKin frequency is divided by two and is 
1.75MHz. 


Figure 1. CLKijy Frequency Control Circuit 


3.5 MHz TMC1251 


CLK IN 


 TMC1251 
AZ 


--21402A 


The performance of the TMC1251 with AC input signals 
can be-better described with the use of parameters such as 
Signal-to-Noise Ratio (SNR), Signal-to-Noise-and- 
Distortion Ratio (SINAD), Total Harmonic Distortion (THD), 
Spurious-Free Dynamic Range (SFDR), Effective Bits, 
bandwidth, aperture time and aperture jitter. These 
parameters are a measure of the ability of the TMC1251 to 
digitize AC input signals without significant spectral errors 
such as elevated frequency spurs or noise. 


An A/D converter’ s AC performance is evaluated using Fast 
Fourier Transform (FFT) methods. A sinusoidal input is 
applied to the A/D converter and n FFT is performed on 
data read from the A/D converter. SNR, SINAD, THD, SFDR 
and Effective Bit results are obtained in this way along 
with spectral plots. Typical values for unipolar and bipolar 
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SINAD are shown in the System Performance Tables 
along with spectral plots in the Typical Performance 


Curves section. Dynamic performance levels change with 


frequency, signal amplitude and conversion rate. 


The performance of the internal track/hold of the TMC1251 


is shown by aperture time and aperture jitter parameters. 


When 1/H is used to initiate conversions, aperture time is 


the delay between the rising edae of T/H and the internal 
time when the analog input signal is actually held. 
Aperture jitter is the change in this time period from 
cycle-to-cycle. 


For applications where A/D converter dynamic performance 


is important to determining overall system performance, 


TRW recommends the use of the TMC12441 or TMC12451. 


These A/D converters are identical to the TMC1241 and 
TMC1251, respectively, except that they are dynamically 
tested and have guaranteed SNR, THD, Effective Bits and 
bandwidth specifications. 


Summary of Control inputs 


CS The Chip Select control input, pin 10, is active 
LOW and enables the WR, RD, and T/H 
functions. 

WR The A/D conversion Is started on the rising 


edge of the Write control input, pin 7, when 


CS is LOW. When this control is used to start a 
conversion the analog signal acquisition period 


is controlled by the TMC1251. 


RD The Read control input, pin 23, is active LOW 
and is used to enable the three-state data 


outputs and reset INT HIGH when CS is LOW. 


T/H The track/hold control input, pin 11, can be 


pe 
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used to start a conversion. With CS LOW, the 
falling edge of T/H begins the analog signal 
acquisition period. The rising edge of T/H then 
puts the track/hold into hold mode and starts 
the A/D conversion. 


With the AZ input, pin 6, held LOW during a 
conversion cycle, the TMC1251 will execute an 
Auto-Zero cycle before the actual A/D 
conversion cycie is siarted. ine total 
conversion time (tc) is increased by 26 clock 
periods when Auto-Zero is used. 


When CAL, pin 9, is LOW, the TMC1251 is 
reset and an Auto-Cal cycle is initiated. 


The clock input, pin 8, controls all sequence 
timing and A/D conversion time. The frequency 
range for CLK), is from 0.50 to 6MHz. 


The End-of-Conversion control output, pin 22, 
is LOW during A/D conversion, Auto-Cal, and 
Auto-Zero cycles. 


The interrupt control output, pin 21, goes LOW 
when a conversion has been completed and 
indicates that the conversion result is avail- 
able from the output register. Reading the out- 
puts or starting an A/D conversion, Auto-Cal or 
Auto-Zero.cycle will reset in INT going HIGH. 


The three-state outputs, pins 13 to 20, give 
13-bit conversion results with two successive 
RD pulses. The first RD pulse outputs the 
MSBs of the result (DBg thru DBy) and the 
second RD pulse outputs the LSBs (DBg thru 
DB7). The format is two's complement sign bit 
extended with DB, being the sign bit, DB, 
the MSB and DBg the LSB. 


Table 1. A/D Control Input Functions 


Control Inputs 


ie See ie 
U 
Ui ed 
0 
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| U Start A/D conversion without Auto-Zero, 
synchronous with rising edge of T/H. 
ae eames (aa (a eae 
[aes ar (ae ee ae a 
i | vet 1 | 0 | ___Read data with Auto-Zero 
ee ae ee ee ee 
1 | tf ox | __ Test Mode (DBy, DB3, DBs and DBs active) 


Start A/D conversion without Auto-Zero 


Read data without Auto-Zero 
Start A/D conversion with Auto-Zero 


Start Auto-Cal cycle 
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Package Interconnections 

Type Name B7 Package Pin 
Power 4 
z 
; 
ea ee aN 2 
Analog Inputs | 
2 
Doralieas ——|__ oxy | oekinnt————d| 
ae S*d~SCAto-ZeroSSSC~—“‘SC“‘zCOC*” 
a 
es ee 2 
eC 
pts s~*~‘S*«‘ hp Selest——SCSC=~“‘*~sS*C“‘ésCOC*®” i 
th [sample me 
Digital Outputs | EOC | Endof Calibration | TL 22 
PINT Interrupt | 21 
| anes OREN WU SOE 20 
0) 19 
fos DBWOBIA) aU i ea ee 2 18 
| ppyopi2 PT 17 
eyes | SSCSC™~—sSSSCSCCC*” 6 
a 5 
[eos | SCSC™~—CSSTSCiaSCSC*S i 
a 13 


Figure 2. Timing Diagram, Auto-Cal Cycle (CS = HIGH, WR = 1/H = RD = AZ = don't care) 
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Figure 3. Timing Diagram, Using WR to Start Conversions with Auto-Zero (CAL = HIGH, AZ = LOW) 
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Figure 4. Timing Diagram, Using WR to Start Conversions without Auto-Zero (CAL = AZ = HIGH) 
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Figure 5. Timing Diagram, Using T/H to Start Conversions without Auto-Zero (CAL = AZ = HIGH) 
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Figure 6. Transfer Characteristics 
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Figure 7. Simplified Error Characteristics vs. output code without Auto-Cal or Auto-Zero cycles 
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Figure 8. Simplified Error Characteristics vs. output code after Auto-Cal 
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Figure 9. Output Test Loads 
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Figure 10. Analog Input Equivalent Circuit 
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TMC1251 mic 
WIG A ituy 
Output Coding 
Input eee 
Voltage MSB 
>4.096V 
+4.096V 1111 11110 «1717- 
+4.095V 1111 1111 1110 
+4,094V 11111111 1101 
+0.002V 0000 0000 0010 
+0.001V 0000 0000 0001 
0.000V 0000 0000 0000 
-0.001V 1111 «1117=«1111 
-0.002V 1111. 1111 «1110 
-4.094V 0000 0000 0010 
-4,095V 0000 0000 0001 
—— -4.096V 0000 0000 0000 
~ '* <-4,096V 
Note: The input voltage range used for this table is +4.096 Volts and 
the input voltages are measured at code centers. 
Absolute maximum ratings (beyond which the device may be damaged)!.2 
Supply Voltages 
Bn MWS ecg sacs pacts ecole vedi seca Bassey neces cap banca ee oetciec ws ele tea ces aco eee ch ween ng eames ope ree ieee as —0.5 to +6.5V 
PAN) (5 siesta ety Ses seen at ccc hata aca cet iecteege BR nara se ecesetees een a sicua ature ana aaa ncaa amen aueneeaaee —0.5 to +6.5V 
MP aa vesaee ed agas acdc eossdspeatsas has xs ccs ac ces ay eas bas uy esess coasted bsh cas eevee lo deus aa ascend Ba Calne faeces ea fein uence, +0.5 to -6.5V 
PY DV a easiness ha aa vee tees esceatas tenn eect od teed cae eteat arse eae ence etna tae anes eans —0.3 to +0.3V 
PAINE OND arcetet alae ins tatters ocaise luau ans igen eho atin Set ae cree ae eae a ied al a aeaece eli etaees —0.3 to +0.3V 
Input Voltages 
DUGAN UENO CUES a sacicacens hed htssaceeate dv covebces Sewwostacceets etescseenusai iets anneal ash eaal tees acaee gain ie tote eaten nrc 0.3 to (DVec +0.3)V 
PANO Gp VOUS asia sep deste caus ticekcaceectace sc entene eva ce cesdaseytetnt ian Se tuneard ake eiaes cheat toaed eters amar (AVcc + 0.3) to (V--0.3)V 
Outputs - | 
Digital: Outputs, applied: Voltage viiicccitvniccasies chigilentacdsne cutie accuser envenaenienina aaa Mba tuamauuias —0.5 to DVec 
Input current, any pin, externally forced SF ac gscesasaitsta aie cadstlics bas andes tnt dt toedb aasatTas ou patna mn dak Rcaaataameseia eat values eden +5mA 
Short-circuit duration (single Output to: GND) cscsscsccisisesssssesssscssadescostescstasicioncanuacssnsscavuseside tsresseabquse aces deiavnectedasensbanyGuatsonsin unlimited 
- Temperature : 
. OE LATING CBSO asec cece oes ecnces catavsucsts steveascesacsatovsncste ded rantataneak oat ad ioenune i avenat aa ae ea eend teed ate at atereenatenscaaen —60 to +135°C 
LOB SOOT {1 OSOCONCS): icsesiestatasevvuctuatassiaesatereecisinstagsnssss tenes eahassmeat eta teste anbacuats cheesiest a beac ceted ca asscnetcBat set oR eatedesbetel +300°C 
SEE AGG cote ccsi ec tvneesse cal aetete Sees at scat case sa acnccda cep antec ecend eam bene eatcmtareeaet a aneiatees Mi antatntacte —65 to +150°C 
PAC KAU LOVE CUEING ccs Sesasesziccusscavcasthanusncaansecaaes auc ceessaakede svt dal dn bena sa hncetageadicasevesansivmahy ce Unsssidenestdbtad coontedsdéctonan dvidennagdavebananuans +20mA 
Package power dissipation at 25°C © 2i2.2siciencacsetinsovsecciandarsssctescectmantostads duaeacouh eisai giants aera burp ieee amined 875mW 
ESD SUSE CPRNINEL CCV! 9) peels cache Sccenraca scales os Saas scab Sadat vaastav Sooke clu ta snatine csvhed ativan tmes ace tame acaba mea tant td aati nasa eee ancient 2000V 
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Operating Conditions !.2.9.16,1/ 
Temperature Range 
Industrial Extended 
Parameter Nom lax 
AVcc, DVcc ‘Positive Power Supply Voltages 57 = 
\V- Negative Power Supply Voltage 
AVcc-DVec Power Supply Voltage Differential 


nN... Cratind Ualtana Niffarantial 
wre vuvlbuyy hw Deere Nee 


Vin Input Voltage Range 

VREF Reference Voltage 6,7 

feLk Clock Frequency 
Clock Duty Cycle 

Vit Input Voltage, Logic LOW, V 
all but CLK), DVec = 4.75V 

Vin Input Voltage, Logic HIGH, V 
all but CLK), DVec = 5.25V 

lo Output Current, Logic LOW mA 

low Output Current, Logic HIGH mA 

Ty Junction Temperature, °C 
TMC1251B7B, TMC1251B7B1 

Ty Junction Temperature, oC 
TMC1251B7F 


Electrical Characteristics |.2.5.7.3,5,16 


Temperature Range 


Industrial Extended — 
mae Max 


 foik = 2.0MHz, | 40 10.0 
|- V- Supply Current =2. /CS = | 2. acs 
Cin Analog Input Capacitance | } 
Cree Reference Input Capacitance te 
lie Input Current, Logic LOW V, = 0.0V —0.005 —1.0 
Ny Input Current, Logic HIGH | V) =+5.0V pom 


VT+ Positive-going threshold, CLKjn 


Parameter Test Conditions Units 


Dilec DVec Supply Current foiK = 2.0MHz, CS = HIGH 


Alcc  AVcc Supply Current 


= 
> 


—_ | —_ 

o]|ol]n~m 

rae Ma ome Ne 
= 
> 


a as ae ak sl ee 


= 


2.] 


Vr. Negative-going threshold, CLK)y 
Vu Hysteresis, CLKiq 

lour = 1.6MA, Vee = 4.75V 
Pree = —360uA, Vec = 4.75V 
lout =—l0WA, Ver = 4.75V 
loz, Output leakage current, LOW Vout = 0.0V 


VoL Output Voltage, Logic LOW 


Vow Output Voltage, Logic HIGH 


| | 
ial WA sind ee ts 
oes roe) et eS 


loz4 Output leakage current, HIGH | Vout = 5.0V 
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Switching characteristics !.2.5./.8.9,16,1/ 


Parameter 

tc Conversion Time 

ta Acquisition Time '4 
tz Auto-Zero Time Plus 


Acquisition Time 


tcaL Calibration Time 


tpwcat Calibration Pulse Width 
tpwwr WR Pulse Width 
tone  Hold-to-EOC Delay 


tapint RD or WR to Reset of INT 
tena Output Enable Time 
tar  RDtoRD Pulse Width 


tpis Data Disable Time 


Test Conditions 


foix = 3.5MHz, AZ = HIGH 
feik = 1.75MHz, AZ = LOW 
T/H starts conversion, 


fe_k = 3.5MHz, AZ = HIGH 


using WR only 
Rg = 50Q 
feik = 1.75MHz 


fork = 3.5MHz 


using WR input 


using T/H input 


C, = 100pF 


C) = 100pF, Ry = 1kQ 


34/feLk 


co 
~ 


33/fcLk 
18.8 
1399/feLk 


200 


30 
30 


[o) 
ol 


Temperature Range 


Max | Min Max | U 
25 | 27/feiK+-29 


7.95 


a} 
CO 
C1 


27/fe.Kt+-25 


34/foi x+.25 34/fe_Kt.25 


as 

7/fe_Kt+0.25 | 7/fe.qt+0.25 
<a 

33/foLK+.25 | 33/feKt.25 


[se 
or 


‘| 1399/feLK 


a) 
(aw) 
8 


200 


| 400 
| 350 
| 175 
; 70 


350 
150 
175 


NO 
© 
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System performance characteristics |.2.6.7.8.3,16 


7 AIX 


Temperature Range 


Extended 


Parameter Test Conditions Typ. )Min| = Max =| Min} Max 
Positive Integral Linearity | After Auto-Cal, 10.11 Pf og | 
Error TMC1251B7B1 +0.5 
TMC1251B7F,TMC1251B7B_ | =—Ss{| | HTT HOO 
ELIN Negative integral Linearity} Arter Auto-Cal, 'u,11 
Error TMC1251B7B1 +0.5 LSB 
TMC1251B7F,TMC1251B7B | | | Ho | LSB 
Eip Differential Linearity Error | AfterAuto-Cal,t01 ff tz | tf Bits 
Ersp Positive full-scale error After Auto-Cal, 11 42.0 +2.0 LSB 
AZ = LOW, fe.k = 1.75MHz re +15 = +15 LSB 
Eron Negative full-scale error After Auto-Cal, 11 42.0 +2.0 LSB 
AZ = LOW, fcLk = 1.75MHz ae +15 L | el LSB 
Ez Zero Error 11,12. After Auto-Cal or Auto-Zero, +2.5 42.5 LSB 
Reiowuigeewmane | | |e | | sto | ise 
PSS7 Power Supply Sensitivity, | AVcec = DVec = +5.0 45% +0.125 Le ook: LSB 
Zero Error 13 V—=—5.0 15%, Vere = +4.75V 
PSSr Power Supply Sensitivity, | AVcc = DVcc = +5.0 45% +0.125 Lt al LSB 
Full-scale error V—=-5.0 +5%, Vege = +4.75V 
PSS, Power Supply Sensitivity, AVcc = DVcc = 45.0 45% +0.125 Pp fF LSB 
Linearity error V—=—5.0 +5%, Veer = +4.75V 
SINADy'8 Unipolar Signal-to-Noise fin = 1kHz, Vin = 4.85V p-p 72 dB 
and Distortion Ratio fin = 20KHz, Vin = 4.85V p-p 72 Pf} dB 
SINADp!8 Unipolar Signal-to-Noise fin = 1kHz, Viq = +4.85V 76 dB 
and Distortion Ratio fin = 20KHz, Vin = +4.85V 76 Pf Pf dB 
SWyi® _Unipolar-20B bandwicth | Vy=4e5ve-p |_| | |__| | fa 
BWg'8__Bipolar-3dB bandwidth | Viy=24985v | Te 
Aperture time a en el a ee 


Notes for specification tables 


1. 


Absolute Maximum Ratings are limits beyond which 2. 
the device may be damaged. Operating Conditions 

are limits under which the device Is guaranteed to be 
functional, but those limits do not guarantee specific 3. 
performance. Guaranteed specifications and test 
conditions are shown in the Electrical, Switching 

and System Performance Characteristics 

Tables. The guaranteed specifications apply only for 

the test conditions listed in the Electrical, 

Switching and System Performance n 
Characteristics Tables. Some performance 
characteristics may degrade when the device Is 

operated outside the listed test conditions. 
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All voltages are measured with respect to AGNp and 
DGND, unless otherwise specified. 


When the voltage at any pin exceeds the power 
supply voltages ( < V— or >AVcc or >DV¢cc), the 
current at that pin must be limited to mA. The 20mA 
maximum package input current rating allows the 
voltage any any four pins, with a current limit of mA, 
to simultaneously exceed the power supply voltages. 


The power dissipation of this device under normal 
operation should not exceed 191mW (quiescent 
power plus one TTL load on each of the ten digital 
outputs}. Care must be taken to ensure that Absolute 
Maximum Ratings are not violated when any inputs 
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Notes for specification tables (cont.) 


or outputs are driven to voltages greater than power 
supply voltages. The maximum power dissipation 
must be derated at elevated temperatures and Is 
dictated by TJmax (maximum allowable junction 
temperature), 9JA (junction-to-ambient thermal 
resistance of the package). and Ta (ambient 
temperature). The maximum allowable power 
dissipation at any temperature Is given by: 


PDmax = (TJmax — TA)/®JA 


or the number given in the Absolute Maximum 
Ratings Table, whichever is lower. For the 
TMC1251, TJmax is 125°C and the typical thermal 
resistance (6 ja) of the TMC1251 with B7F, B7B1, and 
B7B suffixes when board mounted is 51°C/W. 


Human body model, 100pF discharged through a 
1.5kQ resistor. 


Two on-chip diodes are tied to the analog input as 
shown in the following Figure, Parasitic Diode 
Structure. A/D conversion errors can occur if these 


~ diodes are forward-biased more than 50mV. 


Therefore, if AVcc and DVcc are +4.75 Volts and V- Is 
—4.75 Volts, the analog input range must be no 
greater than +4.80 Volts. 


Parasitic Diode Structure 
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AVcc 


DVcc 


VIN 


21416A 


To guarantee accuracy, it is required that AVcc and 
DVec be connected to the same power source but 
with separate decoupling capacitors at each pin. This 
prevents the parasitic diode between AVcc and DVcc 
from being forward biased. 


Accuracy is guaranteed with fc, x equal to 2.0MHz. 
Accuracy may degrade at higher clock frequencies. 


ive 


18. 


Typical specifications are at T= 25°C and represent 


— the most likely parametric norm (statistical “mode’).- 


Positive linearity error is defined as the deviation of 
the analog value, expressed in LSBs,-from the straight 
line that passes through positive full-scale and zero. 
For negative linearity error the straight line passes 
through negative full-scale and zero. (See Simplified 
Error Characteristic Curves) 


The TMC1251's self-calibration technique ensures 
linearity, full-scale and offset errors as specified. 
Noise inherent to the self-calibration process will 
result in a repeatability uncertainty of +0.20 LSB. 


When ta changes, an Auto-Zero or Auto-Cal cycle will 
be required for specified performance. (see Typical 
Performance Curves) 


After Auto-Zero or Auto-Cal cycle execution at the 
specified power supply extremes. 


When using WR to start an A/D conversion, if the 
CLKjy is asynchronous with respect to the rising edge 
of WR an uncertainty of one clock period exists in the 
ta interval. Therefore, the minimum ta Is six clock 
periods and the maximum ty Is 7 clock periods. If the 
falling edge of CLKjy is synchronous with respect to 
the rising edge of WR then ta will be exactly 6.5 
clock periods. This does not occur when T/H is used. 


The CAL input must go HIGH before an A/D 
conversion |s started. 


Guaranteed specifications apply for AVec = DVcc = 
+5.0V, V-=—5.0V, Vac = ~5.0V and fe, x = 2.0MHz 
unless otherwise specified. 


Rise and fall times for digital inputs = 20ns, unless 
otherwise specified. 


Dynamic performance parameters are valid only 
after an Auto-Cal cycle has been completed. For 
guaranteed dynamic performance parameters, use 
TMC12441 or TMC12451 A/D converters. 
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Typical Performance Curves 


J Li i B. rror vs. 
A. Linearity Error vs. Vo-- Zero Error vs. Vo_- 
14 
1.2 AVcc = DVcc = +5.0V 
ey V- = -5.0V 
7H 1.0 ry fery = 3.5MHz 
f=} i) 
Lid i. 
E 06 a 
co i] 
Pq ce 
= 04 Ni 
ual 
0.2 
0.0 
0 1 2 3 4 5 
Veer WV) 21408A 
C. Zero Error Change vs. Ambient Temperature D. Unipolar Spectral Response with 1kHz 
Sinewave Input 
m 7 Rs = 500 
_ AVcc = DVcc = +5.0V VIN = 5Vp - 0 
Fs V- = -5.0V Ta = 25°C 
wal s AVcc = DVcc = VREF = +5V 
+ fcLK 3.5MHz V- = -5V CC 
a Ty = +25°C _ {CLK = 3.5MHz 
= Ee) Sampling Rate = 83kHz 
= ar SINAD = 72.33dB 
oO os 
S ci 
< = 
° & 
ear 77) 
" No Calibration 
No Autozero 
55-35 -15 5 25 45 65 85 105 125 
| 0.0 10.0 20.0 30.0 40.0 
AMBIENT TEMPERATURE (°C) rer FREQUENCY (kHz) 21410A 
E. Unipolar Spectral Response with 10kHz F. Unipolar Spectral Response with 20kHz 
Sinewave Input Sinewave Input 


AVcc = DVcc = VREF = +5V 
V- = -6V 

{CLK = 3.5MHz 

Sampling Rate = 83kHz 
SINAD = 72.01dB 


{CLK = 3.5MHz 
Sampling Rate = 83kHz 
SINAD = 71.24dB 


SIGNAL LEVEL (dB) 
SIGNAL LEVEL (dB) 


0.0 10.0 20.0 30.0 40.0 0.0 10.0 20.0 30.0 40.0 
FREQUENCY (kHz) 21411A FREQUENCY (kHz) 21412A 
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G. Unipolar Spectral Response 40kHz | H. Bipolar Spectral Response with 1kHz | 


Sinewave Input Sinewave Input 
20 , 


Rg = 500 

VIN = 48V 

Ta = 25°C 

AVcc = DVcc = VREF = +8V 
V- = -5V. 


0 | 
a Fcc VREF = +5V 
-20 | = 
pa ae 
Sampling Rate = 83kHz 
“40 | SINAD = 70.25d8 


fCLK = 3.5MHz 
Sampling Rate = 83kHz 
SINAD = 76.86dB 


SIGNAL LEVEL (dB) 
SIGNAL LEVEL (dB) 


. = 
-100 RaN Acai 0d ATT Ree AMA Mad Late iad on Tn id a ea 


tee anianal 


0.0 100 20.0 30.0 40.0 "90100 20.0 300400 
/ FREQUENCY (kHz) 21417A FREQUENCY (kHz) 21418A 
I. Bipolar Spectral Response with 10kHz J. Bipolar Spectral Response with 20kHz 
Sinewave Input Sinewave Input 
| Rg = 500 Rg = 500 
Vin = t5V Vin = t5V 
TA= 25°C TA= 95°C 
AVcc = DVcc = VREF = +5V AVcc = DVcc = VREF = t5V 
Ve = -5V Ve = -5V 
oa CLK = 3.5MHz {CLK = 3.5MHz 
Es Sampling Rate = 83kHz o Sampling Rate = 83kHz 
ar SINAD = 75.98dB = SINAD = 74.46dB 
st rr) 
S a 
= "aul 
w D 
0.0 . 10.0 © 20.0 300. 40.0 1.0 10.0 20.0 30.0 40.0 
FREQUENCY (kHz) 21419A | + FREQUENCY (kHz) 21398A 


K. Bipolar Spectral Response with 40kHz 
Sinewave Input 


20 


AVoc = DVcc = VREF = +5V 
V- = -5V 


{CLK = 3.5MHz 
Sampling Rate = 83kHz 
SINAD = 70.930B 


SIGNAL LEVEL (dB) 


00 - 100 200. 300 400 
FREQUENCY (kHz) 21399A 
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The Typical Interface Circuit 


Noise on AVcc, DVcc or V- power supply inputs can cause — supply noise. Low inductance 10uF tantalum capacitors in 
A/D conversion errors should the TMC1251 comparator be _ parallel with 0.1uF ceramic capacitors are recommended for 
influenced by that noise. The TMC1251 is especially power supply decoupling. Separate decoupling capacitors 
sensitive during the Auto-Zero or Auto-Cal cycles to power should be placed close to the DVc¢c, AVcc and V- pins. 


Typical Interface Circuit Qu 


+5V 
po 
0.1 * 
fo Al 
ne " vec 22 aie 
ba | = 20 ay 
o oy ep —> 084 
Tmci21 &S|~—< ¢s 
0.1 wr LZ Wa 
23 RD 
8 hz 
3 CAL 
18 CLOCK 
a TH 


Ee , 
21413A 


Ordering Information 


Product Package 
Number Temperature Range Package Marking 


TMC1251B7F EXT, Ta = —55°C to 125°C Commercial 28-pin CERDIP 1251B7F 
TMC1251B7B STD, Ta = —40°C to 85°C Commercial 28-pin CERDIP 1251B7B 
TMC1251B7B1 STD, Ta = —40°C to 85°C Commercial 28-pin CERDIP 1251B7B1 


TMC1251E1C STD, Ta = 0°C to 70°C Cel Eurocard PC Board 1251E1C 


All parameters in this specification are guaranteed by design, sample testing, or 100% testing as appropriate. TRW reserves the right to make changes to products and specifications 
without notice. This information does not convey any license under patent rights of TRW LSI Products Inc., TRW Inc., or others. 


Life Support Policy 
TRW LSI PRoducts Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected to result in 
personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LS! Products Inc. against all damages. 
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Self-Calibrating 12-Bit Plus Sign, 13s, ».P-Compatible Sampling 


A/D Converter 


Tested and Specified for DSP Applications 


TRW's TMC12441 is a CMOS successive annroximation 
analog-to-digital converter with 13-bit resolution. 
Physically identical to the TMC1241, the TMC12441 is 
dynamically tested and guaranteed to meet Signal-to- 
Noise Ratio, lotal Harmonic Distortion, Two-tone 
Intermodulation Distortion, Effective Bits, and Bandwidth 
specifications. 


The outstanding performance of the TMC12441 is the 


result of self-calibration, which reduces linearity and full- 


scale errors while optimizing dynamic performance. The 
TMC12441 performs an Auto-Zero function that 
minimizes offset error. The Auto-Zero function can be 
performed as needed or prior to every A/D conversion. 


The TMC12441 includes a track/hold input stage for 
sampling the analog input signal. Both unipolar and 
bipolar analog input voltage ranges (0 to +5 and +5V) 
are accommodated. The TMC12441 requires only two 
power supplies, +5V. Its two's complement output data 
format uses the 13th bit to indicate the polarity of the 


inout sianal. Digital inouts and outnouts are comnatihle 


Spee eS pe me 


with TTL or CMOS logic levels and have microprocessor 
interface features. 


Features 


Guaranteed SNR, THD, IMD, EFB, And Bandwidth 
13-Bit Resolution, 12 Bits Plus Sign 
Internal Track/Hold 

Conversion Time 13s, Maximum 
Auto-Calibration And Auto-Zero Cycles 
Linearity Error Less Than +1/2 LSB 
Offset Error Less Than +1 LSB 
Full-Scale Error Less Than +1 LSB 
Power Consumption 7OmW, Maximum 
No Missing Codes, Guaranteed 
TTL/CMOS Compatible 

standard 28 Pin DIP Package 


Functional Block Diagram 


VIN 


VREF 


cS 


WR 
RD CONTROL | 
CAL LOGIC 


‘AZ : 
CLKjy 


EOC 
INT 


OUTPUT 
’ REGISTER E> DBp.. 42 


21358A 
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Applications 


e Ultrasound Systems 

e Vibration Analysis 

e Audio/Speech Processing 
e Sonar 

e Motion Control 

Digital Signal Processing 


Pin Assignments 


DB,» (SIGN) 


DB,, (MSB) 


TMC12441 


DB, (LSB) 


21549A 


28 Pin CERDIP — B6 Package 


Functional Description 


General Information 


The TMC12441 is a successive approximation A/D 
converter with 13-bit resolution (12-bit plus sign}. The 
TMC12441 can perform Auto-Cal and Auto-Zero routines 
to minimize full-scale, linearity and offset errors while 
optimizing dynamic performance. It comprises a D/A 
converter, precision comparator and a Successive 
Approximation Register (SAR} along with digital and 
analog circuitry for self-calibration. The TMC12441 is 
identical with TRW’s TMC1241 except that it is fully 
tested and specified under dynamic conditions. Signal-to- 
Noise Ratio, Total Harmonic Distortion, Two-tone 
Intermodulation Distortion, Effective Bits and Bandwidth 
are tested and guaranteed under both bipolar and 
unipolar signal conditions. 
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The Auto-Zero cycle is an internal calibration sequence 
that corrects for A/D offset error caused by the input 
offset voltage of the comparator. The Auto-Cal cycle is a 
calibration sequence that not only corrects offset error 
but also corrects for full-scale and linearity errors caused 
by D/A converter gain and linearity errors. The Auto-Cal 


_ feature eliminates the need for trimming or other 


adjustment methods in the manufacture of the 
TMC12441. The Auto-Cal cycle restores the accuracy of 
the TMC12441 whenever it is requested. This ensures 


~ excellent long-term and temperature stability. 


Power and Ground 


The digital and analog power supply voltage range of the 
TMC12441 is +4.5V to +5.5V. To guarantee accuracy, It 
is required that the AVcc, pin 4, and DVcc, pin 28, be 
connected to the same power source, but with separate 
decoupling capacitors (1OuF tantalum and a 0.1 uF 
ceramic} between AVcc and DVcc¢ and ground. V—, pin 
5, has a range of —4.5V to —5.5V and and should have 
10uF tantalum and 0.1pF ceramic capacitors for power 
supply decoupling. 


Although Agnp and Denp, pins 3 and 14 respectively, 
are distinguished from each other on the TMC12441, 
they should be connected together on the system printed 
circuit board to eliminate differential ground noise 
voltages which may degrade performance. AGNp and 
DENp should be connected together as close to the 
TMC12441 as possible. 


Analog Inputs 


The voltage applied to the Vper input, pin 2, defines the 
input voltage range of the Vij input, pin 1, over which 
4095 positive output codes and 4096 negative output 
codes are found. The A/D converter can be used In 
either ratiometric or absolute applications. The voltage 
source driving Vafe must have a low output impedance 
and low noise. The circuit in the Typical Interface 
Circuit is a good example of a very stable reference 
source for the 1MC12441, 


In a ratiometric application, the analog input voltage Is 
proportional to the voltage used for the Vper. If Vjy is 
related or proportional to AVcc, Vref can be connected 
directly to AVcc. Here, Vij) and Varr are related and 
track each other as the power supply voltage changes, 
making the output code of the TMC12441 independent 
of power supply voltage variations. 
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Analog Inputs (cont) —— 


For absolute accuracy, where the Vjjj varies indepen- 
dently of power supply voltage, Vper should be driven 
from a time and temperature-stable voltage source like 
that shown in the Typical Interface Circuit. The 
magnitude of Vaff may require an adjustment to achieve 
system gain requirements. 


Due to the architecture of the TMC12441, a variable 
current will flow into or out (depending on Vij, polarity) 
of the Vjjy pin at the start of the analog input sampling 
period, ta. The peak value of this current !s proportional 
to the magnitude of the applied Vjjy. A small capacitor 
from Vin to AGNp can be used to reduce noise and 
clock feedthrough due to inductive coupling from long 
input leads and will not degrade the accuracy of the 
conversion. It is advisable, however, to keep Vij) and 
Veer input lines as short as possible. 


The analog input can be modeled as shown in the 
Analog Input Equivalent Circuit. Large source 
resistance, Rs, will lengthen the time necessary for the 
voltage on Cpef to settle to within 1/2 LSB of the 
voltage on Vin. With fe_K of 2MHz, ta takes seven 
clock periods, or 3.5us. When Rs is less than or equal 
to 1kQ, a 5.0V Vij) will have adequate time to settle. 


Dynamic Performance 


For Digital Signal Processing applications, it is not 
sufficient to evaluate and qualify an A/D converter only 
on the basis of its integral or differential linearity 
characteristics. In DSP applications, the A/D converter Is 
usually digitizing dynamic signals (as opposed to static} 
and new concerns about noise, distortion, and frequency 
response become Important. 


The TMC12441 is intended for use in DSP applications 
and carries with tt specifications that are not normally 
associated with similar A/D converters intended for 
application in process control, industrial control, data 
acquisition, and instrumentation. 


signal-to-Noise Ratio, Total Harmonic Distortion, and 
Two-tone Intermodulation Distortion are tested and 
guaranteed parameters of the [MC12441. These 
parameters are tested by having the A/D converter 
digitize a sinewave at a specified frequency and 
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amplitude. Data is transferred from the A/D converter to 
a computer where Fast Fourier Transform (FFT) analysis 
converts the time-domain data into the frequency-domain 
where SNR, THD and IMD are extracted. The Effective 
Bits parameter of the TMC12441 is calculated from 
signal-to-Noise Ratio by: 


EFB = (SNR —1.8)/6.02 


Auto-Cal and Auto-Zero Cycles 


When power is initially applied to the TMC12441, an 
Auto-Cal cycle is executed which cannot be interrupted. 
Since the power supply, reference, and clock are not 
usually stable at initial power-up, this first Auto-Cal cycle 
will not result in an accurate calibration of the 
TMC12441. An additional calibration cycle should be 
started after the power supplies, reference, and clock 
have been given adequate time to stabilize. 


When CAL, pin 9, is LOW, the TMC12441 is reset and 
an Auto-Cal cycle is initiated. During the Auto-Cal cycle, 
correction values are determined for the offset voltage of 
the comparator as well as linearity and gain errors. 
These values are stored in the internal RAM and used 
during A/D conversion cycles to reduce the TMC12441's 
gain, offset, and linearity errors to the specified limits. It 
is only necessary to go through the Auto-Cal cycle once 
after initial power Is applied. 


To correct for any change in the offset error of the A/D 
converter, the Auto-Zero cycle can be used. It may be 
necessary to execute an Auto-Zero cycle whenever the 
ambient temperature changes significantly (See the curve 
titled “Zero Error Change vs. Ambient Temperature” 
in the Typical Performance Curves}. A change in the 
ambient temperature will cause the offset voltage of the 
comparator to change, which may cause the offset error 
of the A/D converter to be greater than its specified 
limit. 


With the AZ input, pin 6, held LOW during a conversion 
cycle, the TMC12441 will execute an Auto-Zero cycle 
before the actual A/D conversion cycle is started. The 
total conversion time (tc) is increased by 26 clock 
periods when Auto-Zero is used. An Auto-Zero cycle will 
reduce the offset error of the TMC12441 to less than 
+1 LSB. 
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Microprocessor Interface Controls 


On initial power-up, an Auto-Cal cycle is executed by 
bringing CAL LOW while CS, RD and WR are HIGH. To 
acknowledge that the Auto-Cal cycle is in progress, EOC: 
goes LOW after the falling edge of CAL and remains 
LOW during the Auto-Cal cycle duration of 1,396 clock 
periods. During the Auto-Cal cycle, first the comparator 
offset error is determined and then the D/A converter 
gain and linearity errors are found. Correction factors for 
these errors are stored in the internal RAM. 


An A/D conversion cycle is initiated by bringing CS and 
WR LOW. The AZ input should be tied HIGH or LOW 
during the conversion process. If AZ is LOW when A/D 
conversion is executed, an Auto-Zero cycle (duration 
equals 26 clock periods) occurs before the A/D 
conversion is started. If AZ is HIGH, no Auto-Zero cycle 
is executed. Once the A/D conversion sequence is 
started, Vj is tracked for seven clock periods and held 
thereafter. EOC then goes LOW, indicating that Vijj is no 
longer being tracked and that the successive approxi- 
mation conversion sequence has started. 


During an A/D conversion cycle, the held Vij ts 
successively compared to the output of the corrected 
D/A converter (main and correction D/A converters}. 


First, the held voltage is compared to analog ground to 
determine its polarity (sign bit). The sign bit is set LOW 
for positive Vij) and HIGH for negative Vjjy. Next, the 
MSB of the D/A converter is set HIGH with all other bits 
LOW. If the the held voltage is greater than the output 
of the -B/A converter, then the MSB Is left HIGH; 
otherwise, it is set LOW. The next bit is then set HIGH, 
making the output of the D/A converter 3/4 or 1/4 of 
full-scale, depending on the outcome of the previous bit. 
If the held voltage is greater than the new D/A 
converter value then the bit remains HIGH. If the held 
voltage is less than the new D/A converter value the bit 
is set LOW. This process continues until each bit has 
been tested. The result is then transferred to the output 
register of the TMC12441. EOC goes HIGH and INT goes 
LOW indicating the end of the conversion. The result can 
now be read by bringing CS and RD LOW to enable the 
DBo.17 outputs. 


The A/D Control Input Functions (Table 1) summarizes 
the effect of the digital control inputs on the TMC12441. 
Test Mode (where RD is HIGH and CS and CAL are 
LOW) is used in the manufacturing process of the 
TMC12441. Care should be taken to avoid this mode. In 
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Test Mode DB7, DB3, DBs, and DBg become active 
outputs, which may cause data bus contention. 


The TMC12441 can be completely reset, aborting all 
sequences that may be in progress. The A/D converter is 
reset where a new conversion is started by taking CS 
and WR LOW. If this occurs when Vin is being tracked 
or when EOC is LOW, the Auto-Cal correction factors in 
RAM may be corrupted. After reset, It is necessary to 
execute an Auto-Cal cycle before the next A/D 
conversion cycle. The Auto-Cal cycle cannot be reset 
once started. 


Summary of Control Inputs 


CS. The Chip Select control input, pin 10, is _ 
active LOW and enables the WR and RD 
functions. 

WR The A/D conversion is started on the rising 


edge of the Write control input, pin 7, 
when CS is LOW. 


RD The Read control input, pin 11, is active 


LOW and is used to enable the three-state 
data outputs and reset INT HIGH when CS 
is LOW. 


AZ With the AZ input, pin 6, held LOW during 
a conversion cycle, the TMC12441 will 
execute an Auto-Zero cycle before the 
actual A/D conversion cycle is started. The 
total conversion time (tc) Is increased by 26 
clock periods when Auto-Zero is used. 


When CAL, pin 9, is LOW, the TMC12441_ 
is reset and an Auto-Cal cycle is initiated. 


The clock input, pin 8, controls all sequence 
timing and A/D conversion time. The 
frequency range for CLKj\y is from 0.50 to 
4AMHz. 


The End-of-Conversion contro! output, pin 
12, is LOW during A/D conversion, Auto-Cal 
and Autc-Zero cycles. 


The interrupt control output, pin 13, goes 
LOW when a conversion has been com- 
pleted and indicates that the conversion 
result is available trom the output register. 
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Summary of Control Inputs (cont.) DBo-.12 The three-state outputs, pins 15 to 27, give 


= A/D conversion results in two's complement 
ae ea format with DB72 being the sign bit, DBy, 
cont. conversion, Auto-Cal or Auto-Zero cycle wi the MSB and DBg the LSB. 


reset in INT going HIGH. 


Table 1. A/D Control Input Functions 


Control Inputs 
cs RD CAL AZ | A/D Function | 


Start A/D conversion without Auto-Zero 


Ne ee ee ls, el Read A/D conversion result without Auto-Zero 


a 
= 


Start A/D conversion with Auto-Zero 
W x Start Auto-Cal cycle 


| 0 | | Test Mode (Bz, DB3, DBs and DBg active) 


Package Interconnections 


Signal Signal 
Type Name B6 Package Pins 
Power Vcc Positive Analog Supply 4 
DVec Positive Digital Supply 28 
Negative Analog Supply J 
Ground AGND Analog Ground 0.0V 3 
[Peni Grau i 
VREF Reference Input 
Digital Inputs CLKIN Clock Input TTL 8 
Auto-Zero 6 
CAL Calibrate TEL. 9 
Read [ 
R Write TTL 7 
Digital Outputs oc End of Calibration 12 


4 
= 
a. 
oo 


INT Interrupt 
DB, SGN Sign Bit 
DB,, MSB Most Significant Bit 
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+ 
rm 
RO 
~~ 


wo 
a} 4] 44 
a] 4} 4 
seal | Saal fake ad 
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DBg LSB Least Significant Bit TTL 15 
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Figure 1. Timing Diagram, Auto- Cal Cycle (CS=HIGH, WR=RD=AZ=Don't Care) 
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Figure 2. Timing Diagram, A/D Conversion Cycle with Auto-Zero (CAL=HIGH, AZ=LOW) 
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Figure 3. Timing Diagram, Normal A/D Conversion Cycle without Auto-Zero (CAL=AZ=HIGH| 
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Figure 4. Simplified Error Characteristics vs. Output Code without Auto-Cal or Auto-Zero Cycles 
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Figure 5. Simplified Error Characteristics vs. Output Code after Auto-Cal 
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Figure 6. Transfer Characteristics 
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Figure 7. Analog Input Equivalent Circuit 
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Figure 8. Output Test Loads 


DV¢ c DVcc DVcc 
O O O 


~~ DATA RD ™C12441 
o aiid Vou cr 
90% C 
DBy | L 
= a = GND = = 
ZISDIA 
Output Coding Table 
Input DBy ed. a DBp 
Voltage 
>4096V 1711 «1197)—Ss«*:1 
+4096V 1 ee 
+4095V 1111: 1117-—S—«*1110 
+4.094V 1111. -1111~—s«*1:101 
e e 
e e 
+ 0.002V 0000 0000 0010 
+0.001V 0000 0000 0001 
0.000V 0000 0000 0000 
—0.001V 11110 «1117—Ss«*dO7:0'111 
— 0.002V 1711 «11171110 
e e 
e e 
— 4094V 0000 0000 0010 
—4095V 0000 0000 0001 
—4096V 0000 0000 0000 
<4096V 0000 0000 0000 
Note: 1. The input voltage range used for this table is +4.096V 


and the input voltages are measured at code centers. 
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Absolute maximum ratings (beyond which the device may be damaged] 12 
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Supply Voltages ; | | . 
me DV GG eee eta et coated aoe ee ts eect tata —0.5 to +6.5V 
IV ainsi cae Niaenent neat aans dss ts dst eater cettraa tanta —0.5 to +6.5V 
MS aiaitntencen eee ee ere Aieliaaen rte cell eal aaa Aneta a ees tes +0.5 to —6.5V 
AV Ge UV eRe eae ten tain nae anal aan We aes een eer . -03 to +0.3V 
AGND—OGND vrressseesseeeees hala ice Catal salem aNd casi Otaech cl alate Sac ed At iach Gen aces —0.3 to +03V 
Input Voltages Bee : 
DORE Fea VENUES: acsssceactic te pescsectas dias netics atacand ee ee Chee les DVec +0.3) to —0.3V 
Analog Inputs ou... oceans een a erie mee Be raidet shank ageing tala nc dsectaptat a Hacineeektataasitae (AVec +0.3) to (V- —0.3)V 
Outputs ee — — 
Digital Outputs, applied Voltage oo... ccc sesessessesesessseecsesssssesssscessseestees igieeaties Cee ener VEN ere eT en -0.5V to DVec 
Input current, any pin, externally forced 2 oc ccccsssesessssssssseccssseesssssescssssessssssscsssssessssseseessseeserssseessssseensens en Ree +5mA 
Short-circuit duration (single output to GND) ........... Bieter stats opcictee oben eackodas eather haeboshecdhaasthcrntameetacuatanatenyaanets Unlimited 
Temperature 
GF AUN) CASO saaiccrstiseed tesa ac sapecieca esa ita eased ia das ed doch am eed eae na aaa —60 to +135°C 
Lead, Soldering: (10 SeCOmd S| is tcarertetcctsatharsten tata vec emerseseelutnara ciuigin searevinid ete actetats edeas Maioteshedaates eaniataast ead ianaeteeents + 300°C 
SECON AME es ccs cust tcc ccu sts miso caus itsvc ia tars veut Boos coda Lae la ent cp em care ted Sa Rena ka scab ta aS eS —65 to +150°C 
Peace Uinpilt GUPPOIn tS cacscctsctss cts face a dh Gita aed tle seams deat Tisiah alot aso naa a as ee ale a teal A de tae! +20mA 
Package Power Dissipation at 25°C 4 ooo. ccc scccsecsseesceesssesseesseeees Re et ene ne ree an een er re picinatia 875mW 
SUD: Stasicespotatpanh eyes csczsets daca cach once aesecos tact vcee ans fecnseace hove elephant aol aed as ace ene aa eoreanaae danas a aaa eroeaaneeenamete 2000V 
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Operating conditions '.2.16.18 


Temperature Range 


| sIndusstrial Extended 
Parameter | | Min | 


| | Nom [Max 

AVcc, DVec ‘Positive Power Supply Voltages ©.’ | 45 | 50 | 55 | 
aa Die eee 

| oo | on 


V- Negative Power Supply Voltage Leas | 
AVcc-DVec Power Supply Voltage Differential —0.1 

Acno-Ocgno Ground Voltage Differential p Gt) 88 Bt ~0.1 
VIN Input Voltage Range V——.050} +4.096 | AVec+.050 | V-—.050} +4.096 | AVec+.050]) V 
VREF Reference Voltage 6.’ +4.096 | AVec + .050 +4.096 | AVec +.050} V 


“aes 
on 


| 
1 
CS 
| 
e1olta 
=-2/ — oi 
<= 


C2 
ec) 


Vit Input Voltage, Logic LOW, V 
all but CLK), DVe¢ =4.75V 

Vin Input Voltage, Logic HIGH, 2.0 ~ 2.0 V 
all but CLKjxy, DVeg =5.25V 

Ty Junction Temperature, +85 °C 
“TMC12441B6B, TMC12441B6B1 | 


Ty Junction Temperature, —55 +125 
TMC12441B6F 


Temperature Range 


~ [__Industrial_ | _Extended 


Parameter | | Min | Max | Min | Max | Units 
Digg _DVc¢ Supply Current toix=20mHe ts=HieH | 10 | | 20] | 20 | ma 
Alcc__ AVcc Supply Current | foLk=2.0MHz CS=HiGH | 28 | =| 60 [ | 60 | mA 
Vz—  Negative-Going Threshold, CLKjy J ti(‘éi‘sl ON Pl lL 8 TV 
Von Output Voiage, Logic HGH | Igyr=—S80,A, Vog=a7ev] | 2a | 2a [|v 
Poyr=="ek Vou=erv [se TY 
loz, Output Leakage Current, LOW | Vgyt=0.0V /-001 | | -30[ = | -30 | uA 
lozH Output Leakage Current, HIGH Vout =5-0V Ce er pA 
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Switching characteristics within specified operating conditions !.2.5./.3.5,16,18 


Temperature Range 


_ | __ Industrial |_Extended 
Parameter | Test Conditions Typ | Min | Max | Min <a Units 
tc Conversion Time nae kaa ae 27/fe,  +0.3 Fd 27/feiK +0.3 | us 
ame |e Cd 
ta Acquisition Time "4 Rg = 500 PT | Te +03 | | TK +03 | xs 
Cn A 
Weta Tine ge 
| SE A 
a a 
tpwCAL Calibration Pulse Width 5 aA SN SS" ns 
A 
System performance characteristics within specified operating conditions '.2.5./.8.9.16 
Temperature Range | 
[Industrial [Extended 
Parameter — — Test Conditions Typ aT Ma [nt Units 
Ej;p Positive Integral Linearity Error After Auto-Cal 19.11 +0.5 a a a ae LSB 
ELin Negative Integral Linearity Error | After Auto-Cal 10.1 +05 | | | | LsB- 
Eip _ Differential Linearity Error After Auto-Cal 10.11 7 ae ieee ee ee Bits 
Ecsp Positive Full-Scale Error After Auto-Cal " +0.5 eS aa LSB 
E¢sy Negative Full-Scale Error After Auto-Cal 11 +1.0 ae +2.0 eet +2.0 | LSB 
EZ Zero Error 11.12 After Auto- Cal or Auto- oe a a +120 = +1.0 | LSB 
PSS7 Power Supply Sensitivity, — AVec=DVec=+5.045%. +0.125 LSB 
Zero Error '3 — V-=-5.045%, Vppe= +4.75V 
PSS Power Supply Sensitivity, — AVcc=DVec= +5.045% +0.125 LSB 
Full-Scale Error — V-=-—5.0+5%, Vppp= +4.75V 
PSS; Power Supply Sensitivity, AVec=DVcec= + 5.045% +0.125 LSB 
Linearity Error V—=—5.045%, Vpcp= +4.75V 
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Dynamic performance characteristics within specified operating conditions |.2.5./.8.9.15,17 


Temperature Range 


| Industrial | Extended _| 
Parameter Test Conditions Fc Pe | Min | Max. Units 
SNR _Signal-to-Noise Ratio, Bipolar Input fin=tkHz, Vin=+485Vep | 78 | | a ae dB 
Tins Toke Ve aaevep |e] | a 
ces [fat 
SNR Signal-to-Noise Ratio, Unipolar Input | fjy=1kHz, Vin=4.85Vp-p sf 73 | a ee Gy 
y= Toke Vy=aeevg [a | J] 
SFDRp = Spurious Free Dynamic Range, — 88 El dB 
Bipolar Input fy = 10KHz, Viny = + 4.85Vp-p | —84 | | | oB 
Ciy= ater Viy= 8850-9 | -20 Ter 
SFDRy Spurious Free Dynamic Range, | fin=1kHz, Vin=4.85Vp-p ss | — 90 | | dB 
Unipolar inp Tins Toke, Viy=aaavp | =o Ta 
ja 
THDg Total Harmonic Distortion, fy = 1kHz, Vy = +4.85Vp-p | {dB 
polar Input Ciiy=TOaBaKHe, Vyy= ABV | =00 =f 
THDy Total Harmonic Distortion, — 82 dB 
Unipolar Input fin = 19.688kHz, Vin) = + 4.85Vp-p | 80 | ~75 {dB 


IMDg _—- Two-Tone Intermodulation Distortion, | Viy=+4.85Vp-p, | —78 ~74 | dB 
Bipolar Input fing = 19.375kHz, fipyp = 20.625kHz | 
IMDy Two-Tone Intermodulation Distortion, | Vij =4.85Vp-p, dB 


Unipolar Input fin q = 19.375kHz, fypyo = 20.625kHz 


EFBp Effective Bits, Bipolar Input fi = kHz, Vinn= £4.85Vp-p 
fijy = 20kHz, Vin = +4.85Vp-p 
EFBy Effective Bits, Unipolar Input fin = 1kHz, Vin =4.85Vp-p 


Co} WD; Co] Ww 
a a oe 
ALA a! Nn 


fin = 20KHz, Vin =4.85Vp-p 
BWp Bandwidth, Bipolar Input Vin = +4.85Vp-p 
BWy Bandwidth, Unipolar Input Vin = 4.85Vp-p 
tapy Aperture Jitter res 


| 
No —|— ~ 
or No} Rh co 
Oo] o> 


20 | | kHz 
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Notes for Specification Tables | may degrade when the device is operated outside 


1. Absolute Maximum Ratings are limits beyond which _the listed test conditions. 


the device may be damaged. Operating Conditions 0 
are limits under which the device is guaranteed to 
be functional, but those limits do not guarantee 

specific performance. Guaranteed specifications and 3° 
test conditions are shown in the Electrical, 
Switching and System Performance Character- 

istics Tables. The guaranteed specifications apply 

only for the test conditions listed in the Electrical, 
Switching and System Performance Character- 

istics Tables. Some performance characteristics 


All voltages are measured with respect to AGND 
and Denp, unless otherwise specified. 


When the voltage at any pin exceeds the power 
supply voltages (<V— or >AVec or > DV¢c), 
the current at that pin must be limited to 5mA. 
The 20mA maximum package Input current rating 
allows the voltage any any four pins, with a current 
limit of 5mA, to simultaneously exceed the power 
supply voltages. 
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Notes for Specification Tables (cont.) 


4. The maximum power dissipation must be derated at 9. Typical specifications are at Tj=25°C and repre- 


elevated temperatures and Is dictated by T jmay 
(maximum allowable junction temperature), jn 
(junction-to-ambient thermal resistance of the 


Accuracy may degrade at higher clock frequencies. 


sent the most likely parametric norm (statistical 
“‘mode’’). 


package). and Ta (ambient temperature}. The 10. Positive linearity error is defined as the deviation of 
maximum allowable power dissipation at any the analog value, expressed in LSBs, from the 
temperature Is given by: straight line that passes through positive full-scale 
p i _Tajlo and zero. For negative linearity error the straight 
Dmax=''Jmax~ ' ANJA line passes through negative full-scale and zero. 
ce eee ee given ‘: the Absolute Maximum (See Simplified Error Characteristic Curves .) 
aaa aes ee ee eal the | 11, The TMC12441's self-calibration technique ensures 
Rae? ame 6 of Te See m linearity, full-scale and offset errors as specified. 
anc ara - aa ne i Noise inherent to the self-calibration process wil 
Me ere an SEES Meee wens result in a repeatability uncertainty of +0.20 LSB. 
is 47°C/W. 
; 12. When Ta changes, an Auto-Zero or Auto-Cal cycle 
na eat model, 100pF discharged through a will be required for specified performance. (See 
eotste | Typical Performance Curves jo 
cana ae eee of ae. After Auto-Zero or Auto-Cal cycle execution at the 
Structure. AID conversion errors can occur if these — | Spoeiiba) awey-SubRyeaVeUIeS 
diodes are Torward-biased TDI aOns 14. If the CLK},\) !s asynchronous with respect to the 
eee | falling edge of WR an uncertainty of one clock 
Parasitic Diode Structure period exists in the ta interval. Therefore, the 
minimum ta is six clock periods and the maximum 
Noc tA is 7 clock periods. lf the falling edge of CLKi\ 
. is synchronous with respect to the rising edge of 
Doc ¥ WR then ta will be exactly 6.5 clock periods. 
Yin 15. The CAL input must go HIGH before an A/D 
‘ Ez conversion is started. 
21552A ae : | ane 
16. Guaranteed specifications apply for AVcc= 
DVcc=+50V, V—-=—-50V, Varr= ~5.0V and 
| 7 . feLK=2.0MHz unless otherwise specified. 
7. Jo guarantee accuracy, it is required that AVcc and 
DVcc be connected to the same power source but 17. Specifications guaranteed after Auto-Cal cycle is 
with separate decoupling capacitors at each pin. completed. — 
Accuracy is guaranteed with foxy equal to 20MHz. 18 Rise and fall times for digital inouts=20ns, unless 


otherwise specified. 
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Typical Performance Curves 
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C. Full-Scale Error Change vs. Ambient Temperature _‘D. Zero Error vs. VpeF 


V- = -5.0V 14 V-=5.0V 
Voc = Vec = +5,0V AVcc = Vec = +5,0V 


1.2 foLK = 2MHz 
1.0 Ty = +25°C 


FULL - SCALE ERROR CHANGE (LSB) 
ZERO ERROR (+LSB) 
oS 
oo 


0.6 
0.4 
No Calibration 
No Autozero 0.2 
0.0 
| 0 1 y 3 4 5 
AMBIENT TEMPERATURE (°C) 21371A VREF 21372A 
E. Zero Error Change vs. Ambient Temperature F. Bipolar SINAD vs. Input Frequency 
; 90 
V- = -5.0V 3 
a Avec ad Voc = +5.0V 
a 1 foLK = 2MHz 
uu a 
x 0 Aa 
be Ss 
S BH 60 
a DVec = Acc = VReF = +5,0V 
o 4 V=-5.0V 
NI ne 50 
No Calibration foLK = 2MHz 
No Autozero SAMPLING FREQUENCY = 55kHz 
2 40 | 21538A 
55 35 -15 5 2 45 65 85 105 125 1.0 
AMBIENT TEMPERATURE (°C) piaias INPUT FREQUENCY (kHz) 


TRW LSI Products Inc. 351 


™IC12441  “Trtw 


Typical Performance Curves (cont.) 


G. Unipolar SINAD vs. Input Frequency , H. Bipolar SINAD vs. Input Source Impedance 
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Typical Performance Curves (cont.) 


M. Unipolar Spectral Response with 1kHz Sine N. Unipolar Spectral Response with 10kHz Sine 
Wave Input Wave Input 
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The Typical Interface Circuit 


Noise on AVcc, DVcc or V— power supply inputs can tantalum capacitors in parallel with 0.1pF ceramic 
cause A/D conversion errors should the TMC12441 _ capacitors are recommended for power supply 
comparator be influenced by that noise. The TMC12441 ~— decoupling. Separate decoupling capacitors should 

is especially sensitive during the Auto-Zero or Auto-Cal be placed close to the DVcc, AVec and V— pins. 
cycles to power supply noise. Low inductance 10pF . : md 


Typical Interface Circuit 


+5V me 
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+12V TO = 
+15V ie EOC 
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Ordering Information 


Product Temperature Range Package Package 
Number Marking 
TMC12441B6F EXT—Ta = —55°C to 125°C Commercial 28 Pin CERDIP 12441B6F 
TMC12441B6B STD—Tpa = —40°C to 85°C Commercial 28 Pin CERDIP 12441B6B 


TMCi241E1C 1241E1C 


STD—Ty=0°C to 70°C Eurocard Format Board 
with A/D Converter 


All parameters in this specification are guaranteed by design, sample testing, or 100% testing as appropriate. TRW reserves the right to make changes to 
products and specifications without notice. This information does not convey any license under patent rights of TRW LSI Products Inc., TRW Inc., or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Self-Calibrating 12-Bit Plus Sign, 7.7 us, uP-Compatible Sampling A/D 
Converter Tested and Specified for DSP Applications 


TRW's TMC12451 is a CMOS successive-approximation 
analog-to-digital converter with 13-bit resolution. 
Physically identical to the TMC1251, the TMC12451 ts 
dynamically tested and guaranteed to meet Signal-to- 
Noise Ratio, Total Harmonic Distortion, Two-tone 
Intermodulation Distortion, Effective Bits, and Bandwidth 
specifications. 


The outstanding performance of the TMC12451 is the 
result of self-calibration, which reduces linearity and full- 
scale errors while optimizing dynamic performance. The 
TMC12451 performs an Auto-Zero function that minimizes 
offset error. The Auto-Zero function can be performed as 
needed or prior to every A/D conversion. — 


The TMC12451 includes a track/hold input stage for 
sampling the analog input signal. Both unipolar and 
bipolar analog input voltage ranges (0 to +5 and +5 Volts) 
are accommodated. The TMC12451 requires only two 
power supplies, +5 Volts. Its two’s-complement output 
data format uses the 13th bit to indicate the polarity of the 
input signal. The 13-bit conversion result from the 


TMC12451 is read from its 8 outputs in two successive 
bytes. Digital inputs and outputs are compatible with TTL 
or CMOS logic levels and have microprocessor interface 


wivimy yvyll 


features. 


Features 

e Guaranteed SNR, THD, IMD, EFB, and Bandwidth 
e 13-Bit Resolution, 12 Bits Plus Sign 

e Internal Track/Hold 

e Conversion Time 7./us, Maximum 


 Auto-Calibration And Auto-Zero Cycles 


e Linearity Error Less Than +1/2 LSB 

e Offset Error Less Than +1 LSB 

e Full-Scale Error Less Than +1.5LSB 

e Power Consumption 113 mW, Maximum 
Eight-Bit Microprocessor Interface 

e TTL/CMOS Compatible 

e Standard 24-lead DIP Package 


Functional Block Diagram 


Vin TH 


T/H 


Si CONTROL 
CAL LOGIC 


CLKiy 
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Pin Assignments 


DVec 
EOC 

INT 
DB7/DBy> 
DB,/DBy2 
DB,/DBy, 
DB,/DBy, 
DB3/DBy, 
DB,/DByq 
DB,/DBg 
DBp/DBg - 
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24-pin DIP package 


Applications 


e Ultrasound Systems 

e Vibration Analysis 

e Audio/Speech Processing 
e Sonar 

e Motion Control 

Digital Signal Processing 


Functional Description 


General Information 


The TMC12451 is a successive approximation A/D converter 
with 13-bit resolution (12-bit plus sign). The TMC12451 can. 
perform Auto-Cal and Auto-Zero routines to minimize full- 
scale, linearity and offset errors while optimizing dynamic 
performance. It comprises a D/A converter, precision 
comparator and a successive-approximation register (SAR) 
along with digital and analog circuitry for self-calibration. 
The TMC12451 is identical with TRW’s TMC1251 except 
that it is fully tested and specified under dynamic 
conditions. Signal-to-Noise Ratio, Total Harmonic 
Distortion, Two-tone Intermodulation Distortion, Effective 
Bits and Bandwidth are tested and guaranteed under both 
bipolar and unipolar signal conditions. 


The Auto-Zero cycle is an internal calibration sequence that 
corrects for A/D offset error caused by the input offset 
voltage of the comparator. The Auto-Cal cycle is a 
Calibration sequence that not only corrects offset error but 
also corrects for full-scale and linearity errors caused by 
D/A converter gain and linearity errors. The Auto-Cal 
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feature eliminates the need for trimming or other 
adjustment methods in the manufacture of the TMC1251. 


The Auto-Cal cycle restores the accuracy of the TMC1251 


whenever it is requested. This ensures excellent long- ‘term 
and temperature Stability. 


The internal track/hold input stage can be controlled by the 
TMC1251 inherent conversion sequencing circuitry or 
externally by the use of the T/H control input. This control 
allows the timing and duration of the analog signal 
acquisition period just prior to initiating an A/D conversion. 
cycle. The 13-bit result is made available in two successive 
bytes from the eight-bit wide output port. 


Power and Ground 


The digital and analog power supply voltage range of the 
TMC1251 is + 4.5V to + 5.5V. To guarantee accuracy, it is 
required that the AVcc, pin 4, and DVcc, pin 24, be 
connected to the same power source, but with separate 
decoupling capacitors (10uF tantalum and a 0.1pF ceramic) 
between AVcc and DV¢c and ground. V-, pin 5, has a range 
of —4.5V to —5.5V and and should have 1 0uF tantalum and 
0.1pF ceramic capacitors for power supply decoupling. 


Although Agyp and Denp. pins 3 and 24 respectively, are 
distinguished from each other on the TMC1251, they 
should be connected together on the system printed circuit 
board to eliminate differential ground noise voltages which 
may degrade performance. Agnp and Denp should be 
connected together as close to the TMC1251 as possible. 


Analog Inputs 


The voltage applied to the Var input, pin 2, defines the 
input voltage range of the Vix input, pin 1, over which 4095 
positive output codes and 4096 negative output codes are 
found. The A/D converter can be used in either ratiometric 
or absolute applications. The voltage source driving Vacr 


_ must have a low output impedance and low noise. The 


circuit in the Typical Interface Circuit is a good example 
of a very stable reference source for the TMC1251. 


In a ratiometric application, the analog input voltage is 
proportional to the voltage used for the Vaer. If Vinx is 
related or proportional to AVcc, Vprr can be connected 
directly to AVcc. Here, Viy and Veer are related and track 
each other as the power supply voltage changes, making 
the output code of the TMC1251 independent of power 
supply voltage variations. 


For absolute accuracy, where the Vin, varies independently 


of power supply voltage, Var should be driven from a 
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time- and temperature-stable voltage source like that 
shown in the Typical Interface Circuit. The magnitude of 
Var may require an adjustment to achieve system gain 
requirements. 


Due to the architecture of the TMC1251, a variable current 
will flow into or out of (depending on Vix polarity) the Vij 
pin at the start of the analog input sampling period, ta. The 
peak value of this current is proportional to the magnitude 
of the applied Vin. A small capacitor from Vin to AGND can 
be used to reduce noise and clock feedthrough due to | 
inductive coupling from long input leads and will not 
degrade the accuracy of the conversion. It is advisable, 
however, to keep Vin and Vpe¢F input lines as short as 
possible. 


The analog input can be modeled as shown in the Analog 
Input Equivalent Circuit. Large source resistance, Rs, will 
lengthen the time necessary for the voltage on Carr to 
settle to within 1/2 LSB of the voltage on Vixy. With foiK of 
2Mkz, ta takes seven clock periods, or 3.5us. When Rg Is 
less than or equal to 1kQ, a 5.0 Volt Vy will have 
adequate time to settle. 


Auto-Cal and Auto-Zero Cycles 


When power Is initially applied to the TMC1251, an 
Auto-Cal cycle is executed which cannot be interrupted. 
Since the power supply, reference, and clock are not 
usually stable at initial power-up, this first Auto-Cal cycle 
will not result in an accurate calibration of the TMC1251. 
An additional calibration cycle should be started after the 
power supplies, reference, and clock have been given 
adequate time to stabilize. 


When CAL, pin 9, is LOW, the TMC1251 is reset and an 
Auto-Cal cycle is initiated. During the Auto-Cal cycle, 
correction values are determined for the offset voltage of 
the comparator as well as linearity and gain errors. These 
values are stored in the internal RAM and used during A/D 
conversion cycles to reduce the TMC1251’s gain, offset, 
and linearity errors to the specified limits. It is only 
necessary to go through the Auto-Cal cycle once after 
initial power is applied. 


To correct for any change in the offset error of the A/D 
converter, the Auto-Zero cycle can be used. It may be 
necessary to execute an Auto-Zero cycle whenever the 
ambient temperature changes significantly (See the curve 
titled “Zero Error Change vs Ambient Temperature” in 
the Typical Performance Characteristics). A change in 
the ambient temperature will cause the offset voltage of 
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the comparator to change, which may cause the offset 
error of the A/D converter to be greater than its specified 
limit. Since Auto-Zero cannot be activated when T/H is 
used to start the A/D conversion cycle, it may be necessary 
to do an Auto-Cal cycle (which includes Auto-Zero) 
periodically. 


With the AZ input, pin 6, held LOW during a conversion 
cycle, the TMC1251 will execute an Auto-Zero cycle before 
the actual A/D conversion cycle is started. The total 
conversion time (tc) is increased by 26 clock periods when 
Auto-Zero is used. An Auto-Zero cycle will reduce the 
offset error of the TMC1251 to less than +1 LSB. 


Microprocessor Interface Controls 


On initial power-up, an Auto-Cal cycle is executed by 
bringing CAL LOW while CS and T/H are HIGH. To 
acknowledge that the Auto-Cal cycle is in progress, EOC 
goes LOW after the falling edge of CAL and remains LOW 
during the Auto-Cal cycle duration of 1,399 clock periods. 
During the Auto-Cal cycle, first the comparator offset error 
is determined and then the D/A converter gain and 
linearity errors are found. Correction factors for these 
errors are stored in the internal RAM. 


An A/D conversion cycle is initiated by bringing CS and WR 
LOW. The AZ input should be tied HIGH or LOW during the 
conversion process. If AZ is LOW when A/D conversion is 
executed, an Auto-Zero cycle (duration equals 26 clock _ 
periods) occurs before the A/D conversion is started. AZ 
must be LOW during the entire A/D conversion. After 
Auto-Zero is complete, the analog signa! acquisition time 
period begins and continues for 7 clock periods. If AZ is . 
HIGH, no Auto-Zero cycle is executed. At the end of the 
acquisition period EOC goes LOW, indicating that Vjy is 
being held and that the successive approximation 
conversion sequence has started. 


CS and T/H may be used to initiate a conversion cycle. 
Bringing both of these signals LOW begins the acquisition. 
period; the rising edge of T/H puts the track/hold into the 
hold mode and begins the successive approximation 
conversion. DSP applications require that the time that the 
analog input signal is sampled (the end of the acquisition 
period) be well controlled. Using T/H in this way ensures 
control over the sampling of the analog input signal. 


During an A/D conversion cycle, the held V\\ is successively 
compared to the output of the corrected D/A converter 
(main and correction D/A converters). First, the held 
voltage is compared to analog ground to determine its 
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Microprocessor Interface Controls (cont.) 


polarity (sign bit). The sign bit is set LOW for positive Vin 
and HIGH for negative Vij. Next, the MSB of the D/A 
converter is set HIGH with all other bits LOW. If the the 
held voltage is greater than the output of the D/A converter, 
then the MSB is left HIGH; otherwise it is set LOW. The 
next bit is then set HIGH, making the output ofthe D/A 
converter 3/4 or 1/4 of full scale, depending on the outcome 
of the previous bit. If the held voltage is greater than the - 
new D/A converter value then the bit remains HIGH. If the 
held voltage is less than.the new D/A converter value the 
bit is set LOW. This process continues until each bit has 
been tested. The result is then transferred to the output 
register of the TMC1251. EOC goes HIGH and INT goes 
LOW indicating the end of the conversion. The result can 
now be read when CS is LOW by bringing RD LOW twice in 
succession to enable first, the MSBs (DBg thru DBy2) and 
second, the LSBs (DBg thru DB7) of the result through the 
TMC1251’s eight-bit wide output port. | 


The A/D Control Input Functions (Table 1) summarizes 
the effect of the digital control inputs on the TMC1251. Test 
Made (where RD is HIGH and CS and CAL are LOW) is used 
in the manufacturing process of the TMC1251. Care should 
be taken to avoid this mode. In Test Mode DBz, DB3, DBs, 
and DBg become active outputs, which may cause data bus 
a 


The TMC1251 can be completely reset, aborting all 
sequences that may be in progress. The A/D converter is 
reset where a new conversion is started by taking CS and 
WR or CS and T/H LOW. If this occurs when Vy is being 
tracked or when EOC is LOW, the Auto-Cal correction 
factors in RAM may be corrupted. After reset, it is then 
necessary to execute an Auto-Cal cycle before the next: 
A/D conversion cycle. The Auto-Cal cycle cannot be reset 
once started. 


When using WR or T/H without AZ to start a conversion, a 
new conversion may be restarted only after EOC has gone 
HIGH after the end of the current conversion. When using — 
WR and AZ, a new conversion may be restarted during the 
first 26 clock cycles after the rising edge of WR or after 
EOC has gone HIGH without corrupting the Auto-Cal 
correction factors. 


Acquisition Time 
Each of the three methods of initiating a conversion affects 


the analog signal acquisition period. WR or T/H can start a 
conversion when AZ is HIGH. In either of these cases, the 
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rising edge of EOC indicates that the track/hold Is in its 
track mode and the analog input signal is being acquired. 
It is advisable, however, to consider the beginning of the | 
actual acquisition time to be AFTER the second RD pulse 
of the previous conversion cycle. In this way, the noise 
that normally accompanies the reading of data from the 
TMC1251's outputs will not affect the signal being 
acquired and therefore, the results of the following 
conversion. 


When WR is used to start a conversion with AZ LOW, an 
Auto-Zero cycle is inserted prior to the acquisition period. 
Here, the acquisition timing and duration are controlled by 
the TMC1251. Since the acquisition time must always be 
at least 3.5us, the maximum CLKij frequency in this mode 
is limited to 2.0MHz (7 cycles at 500ns). A simple circuit is 
shown which is useful when WR initiates conversions with 
and without Auto-Zero. In this circuit, when AZ is HIGH, the 
TMC1251 CLKin frequency is 3.5MHz. When AZ is LOW, 
the TMC1251 CLKin frequency Is divided by two and Is 
1.75MHz. 


Figure 1. CLKin Frequency Control Circuit 


3.5 MHz  TMC1251 
AZ 
TMC1251 
AZ. 
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Dynamic Performance 


For Digital Signal Processing Applications, it is not 
sufficient to evaluate and qualify an A/D converter only on 
the basis of its integral or differential linearity 
characteristics. In DSP applications, the A/D converter is 
usually digitizing dynamic signals (as opposed to Static) 
and new concerns about noise, distortion, and frequency 
response become important. 


The TMC12451 iS intended for use in DSP applications and 
carries with it specifications that are not normally | 
associated with similar A/D converters intended for 
application in process control, industrial control, data 
acquisition, and instrumentation. , 
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Signal-to-Noise Ratio, Total Harmonic Distortion, and Two- 
tone Intermodulation Distortion are tested and guaranteed 
parameters of the TMC12451. These parameters are 
tested by having the A/D converter digitize a sinewave at a 
specified frequency and amplitude. Data is transferred 
from the A/D converter to a computer where Fast Fourier 
Transform (FFT) analysis converts the time- domain data 
into the frequency domain where SNR, THD and IMD are 
extracted. The Effective Bits parameter of the TMC12451 
is calculated trom Signal-to-Noise Ratio by: 


EFB = (SNR - 1.8) / 6.02 


The performance of the internal track/hold of the 
TMC12451 is shown by aperture time and aperture jitter 
parameters. When I/H is used to Initiate conversions, 
aperture time is the delay between the rising edge of 
T/H and the internal time when the analog input signal 


is actually held. Aperture jitter is the change in this time 
period from cycle-to-cycle. 


Summary of Control Inputs 


cs 


T/H 


The Chip Select control input, pin 10, is active 
LOW and enables the WR, RD, and T/H 
functions. 


The A/D conversion is started on the rising 
edge of the Write control input, pin 7, when 
CS is LOW. When this control is used to start a 
conversion the analog signal acquisition period 
is controlled by the TMC1251. 


The Read control input, pin 23, is active LOW 
and is used to enable the three-state data 
outputs and reset INT HIGH when CS is LOW. 


The track/hold control input, pin 11, can be 


DBy/DB7 


used to start a conversion. With CS LOW, the 
falling edge of T/H begins the analog signal 
acquisition period. The rising edge of T/H then 
puts the track/hold into hold mode and starts 
the A/D conversion. 


With the AZ input, pin 6, held LOW during a 
conversion cycle, the TMC1251 will execute an 
Auto-Zero cycle before the actual A/D 
conversion cycle is started. The total 
conversion time (tc) is increased by 26 clock 
periods when Auto-Zero Is used. 


When CAL, pin 9, is LOW, the TMC1251 is 
reset and an Auto-Cal cycle is initiated. 


A. 


The clock input, pin 8, controls all sequence 
timing and A/D conversion time. The frequency 
range for CLKjy is from 0.50 to 6MHz. 


The End-of-Conversion control output, pin 22, 
is LOW during A/D conversion, Auto-Cal, and 
Auto-Zero cycles. 


The interrupt control output, pin 21, goes [OW 
when a conversion has been completed and 
indicates that the conversion result is avail- 
able from the output register. Reading the out- 
puts or starting an A/D conversion, Auto-Cal or 
Auto-Zero cycle will reset in INT going HIGH. 


The three-state outputs, pins 13 to 20, give 
13-bit conversion results with two successive 
RD pulses. The first RD pulse outputs the 
MSBs of the result (DBg thru DB) and the 
second RD pulse outputs the LSBs (DBg thru 
DB7). The format is two's complement sign bit 
extended with DBy being the sign bit, DBy, 


the MSB and DBog the LSB. 


Table 1. A/D Control Input Functions 


Control Inputs 


S [wl m™ © | | a MD Function 
U 1p a a a ee a ee ee Start A/D conversion without Auto-Zero 
u u Start A/D conversion without Auto-Zero, 
Le ie ge Ee synchronous with rising edge of T/H. 

a ee es a ee a en a 

Uo} vf oat ft ft || Start A/D conversion with Auto-Zero 

‘EL a eee ee ee ee ee eee ee ae Read data with Auto-Zero 

pope ft i x Start Auto-Cal cycle 

0 a a ee re ee ee a ee ee ee Test Mode (DBy, DB3, DBs and DBg active) 
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Package mSreOnneehONs 


oe Name B7 Package Pin 

Power AVec +5.0V 4 
oe +50V 4 

AN 


End of Calibration 


Ground 


Analog Inputs 


Digital Inputs 


ie) 
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Figure 2. Timing Diagram, Auto-Cal cyele (CS = HIGH, WR = T/H=RD = AZ = don't care) | 
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Figure 3. Timing Diagram, Using WR to Start Conversions with Auto-Zero (CAL = HIGH, AZ = LOW) 
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Figure 6. Transfer Characteristics 
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Figure 7. Simplified Error Characteristics vs. output code without Auto-Cal or Auto-Zero cycles 
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Figure 9. Output Test Loads 
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read) | 
Output Coding 
Input =| sCDBya—Si|CSsé@D BB... . . DBo 
Voltage MSB LSB 
>4.096V 1111. 1111 «1111 
+4.096V 1111 1111-1111 
+4.095V 1111. 1111 1110 
+4.094V 1111 1111 1101 
+0.002V 0000 0000 0010 
+0.001V 0000 0000 0001 
0.000V 0000 0000 0000 — 
-0.001V 1111. 1111 «1111 
-0.002V 1111 1111 1110 
-4,094V 0000 0000 0010 
-4,095V 0000 0000 0001 
— -4,096V 0000 0000 0000 
<-4.096V 0000 0000 0000 
Note: The input voltage range used for this table is +4.096 Volts and 
the input voltages are measured at code centers. 
Absolute maximum ratings (beyond which the device may be damaged)".2 
Supply Voltages 
DIV 6 settee ates aerate hzs sin enevnes zest vo gsnedesen ctv aacteas web oon ess Se cda aos RDA atm was I EA dade osname —0.5 to +6.5V 
PO ccc attaccn chee ta Peace ane aca tnd sca Vacs de Tend each vena uaa cae, edi opted cred ab ee easds ecathiapns eet eadeed aeueeneineatssegme —0.5 to +6.5V 
Ie icsPan i nec tea a0 ares ca git wes date hase noes ae ena ow Aosta lS adsense rc nc dacs ge ctnaD aad tod sesaaSnSraaensnueea esac RacaatonneaN +0.5 to -6.5V 
AVec — DV¢c? sesesaseonseuenesessessneessuesessesssussnsensavorsusossaiesssessasessoneseasersueseneessectanecasesovessuessuesessesascsessaneasesausesuuesenaesessanaaneseseneanssany —0.3 to +0.3V 
ACI) 2 NU uence tebe ast 0s cuc tata ec ett tec asters Ses Med snad ca needa ett between nn ade dea Sant peak baactatttaeuaas exlas —0.3 to +0.3V 
Input Voltages 
PQ Ug ee ANIM UNS aca feed oot ecuceys crema tcetad ceca Sats aes wtasea facta canto Steen ad sacs testtenseee eae reer aieetiorede -0.3 to (DVec +0.3)V 
PRIVEE MO UES secs y stil aS acedasccat cas charts luce sc et scastew ea cheapet ata cca iach aigctetbad Re acccendaeh na daeaa tea ne a eateesieas (AVcc + 0.3) to (V- - 0.3)V 
Outputs | 
LAG tal OUD UES) aI Ce VVC CO cs dasacon sh cs cdekh casas cstunetuvansanbacansaanotSee ee cathal aaa absaaeiidiscadea dant bey Mharaavendetiaeted ateaee —0.5 to DVcc 
Input current, any pin, externally forced 8... cccsssssssssssssssssssessesssssssessssssssssssessssssessscssseessescssecsaseessssesssessessseessesssenseeseesssssenseeress +5mA 
Short-circuit duration (Single OUtPUt tO GND) ue ecssssesseseessscssssesessesesscseesssvssecseescsssussesassneasesseneaceseeseensaneaseesssasaveans unlimited 
Temperature 
Oper Aung CaSO itecinlareuk re ttc udmininauel gt sdyet oti atautcas saps Poace he ele thstagt Mice bee ones at ake ioat —60 to +135°C 
E@ ail SOlMEN IG (1G SEC OMS) sic ccczsinczisssccescycaysusecistssascaass caval ciasalekassen ces suacaed besa ta ouauisva stops tos wm wha axauatatens seisvasiounendsnstusdaceucacs +300°C 
SUD el ace ba chs cy ee Sasalcen ea ucanseac tatata Guin ctoteaa le deraed es Geasine lh extant caweta i acaciel aataad oa gedla th ianteaee gedaan aauneencaciieatietn iat —65 to +150°C 
Package input Current 3 o.oo... cccccsssccssessessssssesssceseesserssceseesseessesssssetesees Ree eer ae Silat ais ans eaten tte a ee Ita toate eae +20mA 
Packaije power dissipation at 25°C 4555. sic5 fi tecsesee lode teases cada ccna utb cs naeeivnd oa ae Stteacaass sla has tacaanshederas Star dacs adin asus aa bed pessoa See 875mW 
ESD SULSC CPU NNN ICY aos apace le decades nia ea aah esac ca eke Sack Re ta Lenin cui Fath sd char bate a ncaaach ad MA anata tence aad ade 2000V 
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AAC | 
Operating Conditions |.2.5.16,1/ 
Temperature Range 
Parameter | Nom | Max | Min [| Nom | Max | Units 
AVcc,DVcc Positive Power Supply Voltages67 | 45 | 50 | 55 | 45 | 50 | 55 | Vv 
\V- Negative Power Supply Voltage | -45 | 50 | -55 | -45 | -50 | -55 | V 
AVcc-DVcc Power Supply Voltage Differential | -01 | oo | o1 | -o1 | oo | oF | v 
Aenn-Denn Ground Voltage Differential —0.1 0.0 0.1 —0.1 0.0 0.1 V 
VIN Input Voltage Range V—— .050 V 
Vee Reference Voltage 87 v 
fox Clock Frequency | os | 35 | 60 | o5 | 35 | 60 | Mb 
Clock Duty Cycle | 40 | ot | | | | 
Vie Input Voltage, Logic LOW, MLA isi V 
all but CLKjy, DVee = 4.75V 
Vin Input Voltage, Logic HIGH, aes tele, | V 
all but CLKiy, DVcc = 5.25V 
lo Output Current, Logic LOW | 0 | -2 | | 60 | -w | | mA 
lou Output Current, Logic HIGH | so | 2 | | 80 | o | | mA 
Ty Junction Temperature, aaa ee +85 a ae = 
TMC1251B7B, TMC1251B7B1 
Ty Junction Temperature, pot fl le ee °C 
TMC1251B7F 
Electrical Characteristics |.2.5./.8,9,16 


Parameter 
Dicc DVec Supply Current 
Alcc AVcc Supply Current 


|- V- Supply Current 
Analog Input Capacitance 
Reference Input Capacitance 


Ne Input Current, Logic LOW 


Ny Input Current, Logic HIGH 

VT+ Positive-going threshold, CLKj, 

Vr. Negative-going threshold, CLKiy 

Vu Hysteresis, CLK, Vy+- Vt. 
VoL Output Voltage, Logic LOW 

Voy Output Voltage, Logic HIGH 

loz. Output leakage current, LOW 

lozH § Output leakage current, HIGH 
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lout = 1.6mA, Vee = 4.75V 
lout = -360uA, Voc = 4.75V 
lout =—10uA, Veg = 4.75V 
Vout = 0.0V 

Vout = 5.0V 
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NO 
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oe 
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Units 
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Switching characteristics 1.2.6./.8,9,16,17 


Temperature Range 
Extended 


Parameter Test Conditions : 


tc . Conversion Time ai 27/feik 
ta ~ Acquisition Time 14 
De! 


—_| 
uae 
aj 

co co 
oo ol 


| 27/foLKt.25 27/foixt+.25 | Us 


795 | 


34/ferKt.25 34/foiKt.25 


7/fey«+0.25 


tz Auto-Zero Time Plus 


Acquisition Time fo_k = 1.75MHz 
tca, Calibration Time 1399/feik 


33/feLK+-25 33/feLK+-25 


1399/feik 1399/foLk 


> 
& 
S 


Ls 
Us 
Ls 
Us 
7/fe_K+0:25 | us 
Us 
Us 
Us 
Ls 
Us 


fcLk = 3.5MHz 399 
tpwea Calibration Pulse Width 


tpwwr_ WR Pulse Width 
tpye  Hold-to-EOC Delay using WR input 200 
using T/H input 


tena Output Enable Time C, = 100pF 


tpis Data Disable Time Cy = 100pF, Ry = 1kQ 30 
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System performance characteristics !.2.6./.8,9,16 


ee aoe 
Parameter Test Conditions 


Ey \p Positive Integral Linearity After Auto-Cal, 10,11 +0.5 
Error 

EL IN Negative Integral Linearity After Auto-Cal, 10,11 . Oz 
Frror LSB 


Ep Differential Linearity Error After Auto-Cal, 10,11 wm of | TY Bits 


| Max | Units 


Temperature Range 
Typ. | Min | 


Ersp __ Positive full-scale error After Auto-Cal, 11 42.0 +2.0 LSB 
Ersy _— Negative full-scale error After Auto-Cal, 11 +2.0 +2.0 LSB 
AZ = LOW, fcLk = 1.75MHz +1.0 & +1.5 4 +15 LSB 
Ez Zero Error 11,12 After Auto-Cal or Auto-Zero, 42.5 42.5 LSB 
AZ = LOW, foik = 1.75MHz +1.0 id +1.0 fo +1.0 LSB 
PSSz —_ Power Supply Sensitivity, AVcc = DVec = 25.0 45% +0.125 LSB 
Zero Error 13 V— =-5.0 +5%, Vper = +4.75V (2. ot 
PSSe —- Power Supply Sensitivity, AVcc = DVec = 25.0 15% +0.125 LSB 
Full-scale error V—=-5.0 +5%, Var = +4.75V Pf ff 
PSS; Power Supply Sensitivity, AVcc = DVecc = 25.0 15% LSB 
Linearity error V—=—5.0 5%, Veer = +4.75V 
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Dynamic performance characteristics 


Parameter. 


SNRB 


SNRy 


SFDRB 


SFDRy 


THD 


THDY 


IMDB 


IMDy 


EFBR 


EFBy 


BWu 
BWpB 


TAP 
TAPJ 


Signal-to-Noise Ratio, 
Bipolar Input 


Signal-to-Noise Ratio, 
Unipolar Input 


Spurious Free Dynamic 
Range, Bipolar Input 


Spurious Free Dynamic 
Range, Unipolar Input — 


Total Harmonic Distortion, 
Bipolar Input 

Total Harmonic Distortion, 
Unipolar Input 


Two-Tone Intermodulation 
Distortion, Bipolar Input 
Two-Tone Intermodulation 
Distortion, Unipolar Input 


Effective Bits, Bipolar 
Input 

Effective Bits, Unipolar 
Input 


Bandwidth, Bipolar Input 
Bandwidth, Unipolar Input 


Aperture Time 
Aperture Jitter 


Notes for specification tables 


ie 
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1,2,6,7,8,9,16,17,18 


Test Conditions 


fin = 1kHz, Vin = +4.85V p-p 
fin = 10kHz, Vin = +4.85V p-p 
fin = 20.67kHz,Vjn = +4.85V p-p 
fiIN = 1kHz, Vin = 4.85V p-p 
fin = 10kHz, Vin = 4.85V p-p 

fiIN = 20.67kHz,Vjn = 4.85V p-p - 


flN = 1kHz, Vin =+4.85V p-p 
fin = 10kHz, Vin = +4.85V p-p 
fin = 20kHz, Vin = +4.85V p-p 
fin = 1kHz, ViN = 4.85V p-p 

fin = 10kHz, Vin = 4.85V p-p 
fIN = 20kHz, VIN = 4.85V p-p 


fIN = 1kHz, Vin = +4.85V p-p 

 fIN= 20.67kHz,Vjn = +4.85V p-p 
fIN = 1kHz, Vin = +4.85V p-p 

- f]N= 20.67kHz,Vi jy = +4.85V p-p 


Vin = +4.85V p-p, 


co 


Temperature Range 
|_Industrial_| Extended 
_[ Min T-Max [Min [ Max | Units 


fIN1 = 19.375kHz, fing = 20.625 kHz 
VIN = 4.85V p-p, 
fIN1 = 19.375kHz, fin = 20.625 kHz 


fin = 1kHz, Vin = +4.85 V p-p 
fin = 20.67kHz,VjN = +4.85V p-p 
fin = 1kHz, Vin = 4.85 V p-p 
fiN = 20.67kHz,Vjn = 4.85V p-p 


Tinsaiven | 8 [wa] | wa | 
cL aa i LL 


SSeeneeeneeneene fn ems moan mene meee Hr pSrms 


Absolute Maximum Ratings are limits beyond which 

the device may be damaged. Operating Conditions i 
are limits under which the device is guaranteed to be 
functional, but those limits do not guarantee specific 
performance. Guaranteed specifications and test 3. 
conditions are shown in the Electrical, Switching 

and System Performance Characteristics 

Tables. The guaranteed specifications apply only for 

the test conditions listed in the Electrical, 

Switching and System Performance 

Characteristics Tables. Some performance 
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kHz 


characteristics may degrade when the device is 
operated outside the listed test conditions. 


All voltages are measured with respect to AGND and 
DGND, unless otherwise specified. 


When the voltage at any pin exceeds the power 
supply voltages ( < V— or >AVcc or >DV¢c), the 
current at that pin must be limited to mA. The 20mA 
maximum package Input current rating allows the 
voltage any any four pins, with a current limit of 5mA, 
to simultaneously exceed the power supply voltages. 


TMC12451 


Notes for specification tables (cont.) 


4. 


The power dissipation of this device under normal 
operation should not exceed 191mW (quiescent 
power plus one TTL load on each of the ten digital 
outputs). Care must be taken to ensure that Absolute 
Maximum Ratings are not violated when any inputs 


TYWVEDIVYS WNANVAIANK ATOOMINATINN 


must be derated at elevated temperatures and Is 
dictated by TJmax (maximum allowable junction 
temperature}, ja (junction-to-ambient thermal 
resistance of the package). and Ta (ambient 
temperature). The maximum allowable power 
dissipation at any temperature Is given by: 


PDmax = (TJmax — TAI/QJA 


or the number given in the Absolute Maximum 
Ratings Table, whichever ts lower. For the 
TMC1251, Tymax 's 125°C and the typical thermal 
resistance (8 ja) of the TMC1251 with B7F, B7B1, and 
B7B suffixes when board mounted is 51°C/W. 


Human body model, 100pF discharged through a 
1.5kQ resistor. 


Two on-chip diodes are tied to the analog input as 
shown in the following Figure, Parasitic Diode 
Structure. A/D conversion errors can occur if these 
diodes are forward-biased more than bOmV. 
Therefore, if AVcc and DVcc are +4.75 Volts and V- is 
—4.75 Volts, the analog input range must be no 
greater than +4.80 Volts. 


Parasitic Diode Structure 


AVec 


DVec 


VIN 


\- E 
21416A 


To guarantee accuracy, it is required that AVec and 
DVcc be connected to the same power source but 
with separate decoupling capacitors at each pin. This 
prevents the parasitic diode between AVcc and DVcc 
from being forward biased. 
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7 AX 


Accuracy is guaranteed with fc_« equal to 2.0MHz. 
Accuracy may degrade at higher clock frequencies. 


Typical specifications are at T = 25°C and represent 
the most likely parametric norm (statistical “mode’). 


Positive linearity error is defined as the deviation of 
the analog value, expressed in LSBs, from the straight 
line that passes through positive full-scale and zero. 
For negative linearity error the straight line passes 
through negative full-scale and zero. (See Simplified 
Error Characteristic Curves) 


The TMC1251's self-calibration technique ensures 
linearity, full-scale and offset errors as specified. 
Noise inherent to the self-calibration process will 
result in a repeatability uncertainty of +0.20 LSB. 


When ta changes, an Auto-Zero or Auto-Cal cycle will 
be required for specified performance. (see Typical 
Performance Curves) 


After Auto-Zero or Auto-Cal cycle execution at the 
specified power supply extremes. 


When using WR to start an A/D conversion, if the 
CLKjy) is asynchronous with respect to the rising edge 
of WR an uncertainty of one clock period exists in the 
ta interval. Therefore, the minimum ta Is six clock 
periods and the maximum ta is 7 clock periods. If the 
falling edge of CLK, is synchronous with respect to 
the rising edge of WR then tg will be exactly 6.5 
clock periods. This does not occur when T/H is used. 


The CAL input must go HIGH before an A/D 
conversion Is started. 


Guaranteed specifications apply for AVec = DV¢c = 
+5.0V, V-=—5.0V, Var = ~5.0V and fo, x = 2.0MHz 
unless otherwise specified. 


Rise and fall times for digital inputs = 20ns, unless 
otherwise specified. 


Dynamic performance parameters are valid only 
after an Auto-Cal cycle has been completed. 
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Typical Performance Curves — 


A. Linearity Error vs. V,__ 


1.4 


V- =-5.0V 
1.0 fey, =3.5MH 
CLK ~~: z 


0.6 


0.4 


LINEARITY ERROR (+LSB) 


0.2 


0.0 


AVcc = DVoc = +5.0V 
\V- = -5.0V 


ZERO ERROR CHANGE (+LSB) 
So 


No Calibration 
No Autozero 


5535-15 55 45S BHCCN05;~=S« 125 
AMBIENT TEMPERATURE (°C) are 


E. Unipolar Spectral Response with 10kHz 
Sinewave Input 


Rs = 500 

VIN = 5Vp -p 

Ta = 25°C 

AVcc = DVcc = VREF = +5V 
V- = -5V 

CLK = 3.5MHz ~ 

Sampling Rate = 83kHz 
SINAD = 72.01dB 


SIGNAL LEVEL (dB) 


0.0 10.0 20.0 30.0 40.0 
FREQUENCY (kHz) 21411A 
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B. Zero Error vs. Vorr 


ZERO ERROR (+LSB) 


AVec = DVcc = +5.0V 
V- = -5.0V 


fcLK = 3.5MHz 


3 4 5 


Veer VY) | 21408A 


D. Unipolar Spectral Response with 1kHz 


Sinewave Input 


SIGNAL LEVEL (dB) 


Rs = 500 

VIN = 5Vp - p 

Ta = 25°C 

AVcc = DVcc = VREF = +5V 
V- = -5V 

{CLK = 3.5MHz 


Sampling Rate = 83kHz 
SINAD = 72.33dB 


20.0 30.0 40.0 
FREQUENCY (kHz) 21410A 


F. Unipolar Spectral Response with 20kHz 


Sinewave Input 


SIGNAL LEVEL (dB) 


- = -5Y 
CLK = 3.5MHz 
Sampling Rate = 83kHz 
“SINAD = 71.24¢dB 


20.0 30.0 40.0 
FREQUENCY (kHz) 21412A 
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G. Unipolar Spectral Response 40kHz 
Sinewave Input 


20 


0 


-20 


-40 


-60 


Rg = 500 

VIN = 5Vp - p 

Ta = 25°C 

AVcc = DVcc = VREF = +5V 
V- = -5V 


{CLK = 3.5MHz 
Sampling Rate = 83kHz 
SINAD = 70.25dB 


H. Bipolar Spectral Response with 1kHz 


Sinewave Input 


SIGNAL LEVEL (dB) 


Rs = 500 

VIN = t5V 

Ta = 25°c 

AVcc = DVCc = VREF = +5V 
V- = -5V 


{CLK = 3.5MHz 
Sampling Rate = 83kHz 
SINAD = 76.86dB 


SIGNAL LEVEL (dB) 


wt LLL 
-100 Pith had a i a Ne De i -100 
-120 ees -120 


0.0 10.0 20.0 30.0 40.0 0.0 10.0 20.0 30.0 40.0 
FREQUENCY (kHz) 21417A FREQUENCY (kHz) 21418A 


J. Bipolar Spectral Response with 20kHz 
Sinewave Input 


I. Bipolar Spectral Response with 10kHz 
Sinewave Input 


SIGNAL LEVEL (dB) 


Rs = 500 

VIN = £5V 

Ta = 25°C 

AVcc = DVCc = VREF = +5V 
V- = -5V 

{CLK = 3.5MHz 


Sampling Rate = 83kHz 
SINAD = 75.98dB 


0.0 10.0 20.0 30.0 40.0 


FREQUENCY (kHz) 21419A 


K. Bipolar Spectral Response with 40kHz 
Sinewave Input 


SIGNAL LEVEL (dB) 


AVcc = DVcc = VREF = +5V 
V- = -5V 

{CLK = 3.5MHz 

Sampling Rate = 83kHz 
SINAD = 70.93dB 


0.0 10.0 20.0 30.0 40.0 
FREQUENCY (kHz) 21399A 
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SIGNAL LEVEL (dB) 


Rs = 500 

VIN = 25V 

Ta= 26°C 

AVcc = DVcc = VREF = +5V 
V- = -5V 

{CLK = 3.5MHz 

Sampling Rate = 83kHz 
SINAD = 74.46dB 


20.0 30.0 40.0 
FREQUENCY (kHz) 21398A 


L. Linearity Error vs Clock Frequency 


LINEARITY ERROR (+LSB) 


CLOCK FREQUENCY (MHz) 


21529A 
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M. Full Scale Error Change vs N. Bipolar SINAD vs 
Ambient Temperature Input Source Impedance 
15 . 
co NEGATIVE FULL 
= SCALE ERROR 
Ww 5 
ido) 
= 
< — 
pm oo 
2 ° = | Ty=25°C 
fs =. [8 
= | AVgg = DVcg = +50V ” AVec — DVec = VREF = +5.0V 
S ~15 | V-=-5.0V 1 V-=--5.0V 
_ icLK= 3.5 MHz 
= | Ver = +5.0V feLK = 3.5 MHz 
Ne LO CONE” SAMPLING FREQUENCY = 83 kHz 
-1.0 : 3 
-55 -35 -15 5 25 45 65 85 105 125 0 100 200 300 400 500 600 
AMBIENT TEMPERATURE (°C) INPUT SOURCE IMPEDANCE (() 
21530A 21531A 
0. Biploar SINAD vs Unipolar SINAD vs 
Input Frequency Input Frequency 
co a 
s = 
a a 
Z 2 
w ow 
AVcc = DVec = Vrer = +5.0V AVee = DVcc = Vper = +5.0V 
V- = -5.0V 
f = 3.5 MHz V- =-5.0V 
SAMPLING FREQUENCY= 83 kHz SAMPLING FREQUENCY= 83 kHz 
0 0t™:~«CO 100 
INPUT FREQUENCY (kHz) INPUT FREQUENCY (kHz) 
21532A 21533A 
Q. Unipolar SINAD vs Bipolar SINAD vs 
Input Signal Level Input Signal Level 
80 - 80 
Rg = 600 Rg = 6000 
| Ta= 25°C T= 25°C 
60 60 
— V-=-5.0V ¢ =~ V- =-5.0V 
3 foLK = 3-5 MHz 3 fork = 3-5 MHz 
@ 40 | SAMPLING a 40 } SAMPLING 
z 2 FREQUENCY 
> a =83kHz i 
20 20 
-10 -60 -50 -40 -30 -20 -10 0 -10 -60 -50 -40 -30 -20 -10 0 
INPUT SIGNAL LEVEL (db) INPUT SIGNAL LEVEL (dB) 
21534A 21535A 
372 TRW LSI Products Inc. 


TMC12451 it 


The Typical Interface Circuit 


Noise on AVcc, DVcc or V- power supply inputs cancause — supply noise. Low inductance 10pF tantalum capacitors in 
A/D conversion errors should the TMC1251 comparator be __ parallel with 0.1pF ceramic capacitors are recommended for 
influenced by that noise. The TMC1251 is especially power supply decoupling. Separate decoupling capacitors 
sensitive during the Auto-Zero or Auto-Cal cycles to power _— should be placed close to the DVcc, AVec and V- pins. 


Typical Interface Circuit 
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Ordering Information 


Product Package 
Number Temperature Range Package Marking 
TMC12451B7F EXT, Ta = -55°C to 125°C Commercial 28 Pin CERDIP 12451B7F 
TMC12451B7B IND, Ta = -40°C to 85°C Commercial 28 Pin CERDIP 12451B7B 


TMC1251E1C STD, Ta =0°C to 70°C as Eurocard PC Board 1251E1C 


All parameters in this specification are guaranteed by design, sample testing, or 100% testing as appropriate. TRW reserves the right to make changes to products and 
specifications without notice. This information does not convey any license under patent rights of TRW LSI Products Inc., TRW Inc., or others. 


Life Support Policy 


TRW LSI PRoducts Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LS! Products 


Inc. against all damages. 
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D/A Converters rw 


TRW’s D/A converters address video, signal synthesis, and graphics applications. 


To the industry-standard TDC1016 10-bit video D/A (75 voltage output) we have recently added the 
smaller, less expensive, and lower-power TDC1041 (TTL) and TDC1141 (ECL) DACs. The new 
devices are available in 28 lead PLCCs as well as DIPs, and have been optimized to produce quality — 
video signals. 


The TDC1012 (20Msps) and TDC1112 (SOMsps) have become the standard of comparison for signal 

synthesis applications. The 12-bit D/As have a Spurious-Free Dynamic Range (SFDR) of more than 

70dBc. They can directly drive a double-terminated 500 line (25Q) to 1Vp-p without an output amplifer, 
simplifying interfacing and reducing overall system distortion. B 


TRW’s line of high-speed graphics DACs addresses the needs of today’s high-resolution display 
systems. Palette DACs with 6 or 8-bit resolution meet industry-standard pinouts and exceed competitors’ 
performance. The single and triple 4 and 8-bit 200Msps D/As are ideal for systems not requiring a 
palette function. 
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Differential 
Linearity Conv Rise 
Resolution —_ Error Rate | Time | 
Product Bits -(+%) (Msps) (ns) _ Package : Grade 2 Notes Page 
TDC1034 4 0.80 200 2 B8 18 Pin DIP C Low Cost ECL. Graphics-Ready. B63 
TDC1334 4 (Triple) 0.80 200 2 B6 24 Pin DIP C Low Cost ECL. Graphics-Ready. B131 
T™MC0171-4 6 0.78 40 8 R2 44 Lead PLCC C RAMDAC. 256 x18 Lookup Table.  B3 
N6 28 Pin DIP C IMS171 Compatible. 
: 6 0.78 35 8 N6 28 Pin DIP C 
TMC0176-8 6 0.78 - 80 8 N6 28 Pin DIP G RAMDAC. 256 x 18 Lookup Table.  B3 
- -6 6 0.78 66 8 N6 28 Pin DIP C IMS176 Compatible. 
+5 6 0.78 50 8 N6 28 Pin VIP L 
-4 6 0.78 40 8 R2 44 Lead PLCC C 
N6 28 Pin DIP C 
TDC1018-1_—- 8 0.20 200 1.7 B7 24 Pin DIP c Low Cost ECL. Graphics-Ready. B51 
C3 28 Contact CC C 
8 0.20 125 1.7 B7 24 Pin DIP C 
. : C3 28 Contact CC C 
TDC1318 8 (Triple) 0.20 200 2 B5 40 Pin DIP c Low Cost ECL. Graphics-Ready. B119 
TMC0458 8 (Triple) 0.20 200 H7 89 Pin Plastic PGA C RAMDAC. 256 x 24 Lookup Table. B21 
RO 84 Lead PLCC C 
TDC1016-10 10 0.05 20 4 N7 24 Pin DIP C Industry-Standard Video DAC. B41 
N5 40 Pin DIP C Operates with TTL or ECL Logic. 
-9 10 0.10 20 — 4 B7, N7 24 Pin DIP C,A 
B5,N5 40 Pin DIP C,A 
-8 10 0.20 20 4 B7,N7 ~—24 Pin DIP C,A 
B5,N5 40 Pin DIP C,A 
TDC1041-1 10 0.048 20 4 R3 28 Lead PLCC C Low Cost 10-Bit Video D/A B75 
10 0.096 20 4 R3 28 Lead PLCC C TTL Interface. 
TDC1141-1 10 0.048 50 4 R3 28 Lead PLCC C Low Cost 10-Bit Video D/A B105 
10 0.096 50 4 R3 28 Lead PLCC C ECL Interface. 
TDC1012-3 12 0.012 20 4 J7, N7 24 Pin DIP C Signal Synthesis D/A. B23 
R3 28 Lead PLCC C 70dBc SFDR. Very Low Glitch. 
-2 12 0.024 20 4 J7,N7 ~—-.24 Pin DIP C,V, SMD Drives 250 Directly. 
R3 28 Lead PLCC C TTL Interface. 
-1 12 . 0.048 20 4 J7,N7 —-24 Pin DIP C, V, SMD 
R3 28 Lead PLCC C 
12 0.048 20 4 J7,N7 — 24 Pin DIP C, V, SMD 
R3 28 Lead PLCC C 
TDC1112-3 12 0.012 50 4 J7,N7 —.24 Pin DIP C Signal Synthesis D/A. B87 
R3 28 Lead PLCC C 70dBc SFDR. Very Low Glitch. 
-2 12 0.024 50 4 J7,N7 24 Pin DIP C,V Drives 250 Directly. 
R3 28 Lead PLCC C ECL Interface. 
-1 12 0.048 50 4 J7,N7 —.24 Pin DIP C,V 
R3 28 Lead PLCC C 
12 0.048 50 4 J7,N7 —-.24 Pin DIP C,V 
R3 28 Lead PLCC C 


Notes: 1. Guaranteed. See product specifications for test conditions. 
2, A=High Reliability, Te= —55°C to 125°C. 
C=Commercial, Ty =0°C to 70°C. 
V=MIL-STD-883 Compliant, Te=—55°C to 125°C 
SMD =Available per Standardized Military Drawing, Te=—55°C to 125°C. 
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Color Palette with Triple 6-Bit DAC 


The TMCO171 and TMCO176 are triple 6-bit video DACs Features 

with 256 x 18 RAM look-up tables and microprocessor ; 

interfaces. The devices were designed specifically for © Pixel Rates Ot 0 to BOMHz 
high resolution color graphics, supporting 256 simulta- e 256 x18 Bit Color Palette 
neous colors out of a palette of over a quarter million, e Color Palette Read-Back 

at update rates fast enough to generate all common PC =e 750 RGB Analog Video Outputs 
display resolutions. © Composite Blank 
The TTL microprocessor interface allows easy integration ° S!Ngle +oV Power Supply 
into personal computer systems. The three outputs are e Low Power Consumption 
compatible with RS-170, allowing for a system design e TTL Compatible Inputs 


using a minimum of external components. © Asynchronous pP Interface 


A pixel word mask facilitates such special effects as * Available In A 28 Pin Plastic DIP Or 44 Leaded PLCC 


animation, overlays, and paged graphics without rewriting 
image RAM or the color look-up table. 


The TMCO0171 Is pin and function compatible with the 
industry standard IMS G171 high performance CMOS 
color look-up table DAC manufactured by Inmos, and the 
TMCO0176 is pin and function compatible with the 

IMS G176. 


Interface Diagram 
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Functional Block Diagram 


-MICROPROCESSOR INTERFACE 


MICROPROCESSOR 
INTERFACE 


ANALOG OUTPUTS 
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* COLOR PALETTE 


PIXEL RATE DIGITAL INPUTS 256 WORDS x 18-BITS 


Pin Assignments 


™ © LO we ON &F= OO OO WO 
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Pot tt TT GT 
GREEN 2 
BLUE 3 PCLK 128 Iper 
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Py 5 GND 125 RED 
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Pp 7 GND 1122 Ver 
GND 21 Veo 
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3 Voc | 20 Vec 
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Pe 11 
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7 44 Lead Plastic J-Leaded Chip Carrier — R2 Package 


21164A 


28 Pin Plastic DIP — N6 Package 
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Functional Description 


General Information 


The TMCO171 and TMCO176 contain a Color Palette 
with 256 memory locations that are 18 bits wide. The 
color palette’s output is connected to three high-speed 
current output 6-bit video DACs. The devices on-board 
registers easily interface with microprocessors. 


Microprocessor Interface 


The Microprocessor interface consists of three internal 
registers: Pixel Address Register, Color Value Register and 
Pixel Mask Register. These are individually accessed by 
register select signals, RSg and RS4. The following table 
defines which register is selected by the logic states of 
RSg and RSq: 


Register 


Pixel Address (WRITE Mode) 
Pixel Address (READ Mode} 
Color Value : 

Pixel Mask 


o=2a- — & 


The contents of the color palette can be accessed 
through the Color Value and Pixel Address registers. 


All operations on the microprocessor interface can take 
place asynchronously to the pixel information being pro- 
cessed by the Color Palette. 


The Pixel Address register is a byte-wide latch that 
receives and latches address information applied to pins 
P7_g. It can be used in READ or WRITE mode, de- 
pending on the logic state of RSg and RSy. With 
RSg=RS1=0 (register select=0, OQ), the Pixel Address 
register is in the WRITE mode. Io update one of the 
color palette's entries, the user writes the address into 
the Pixel Address register, then its red, green, and blue 
color definitions into the Color Value register. Refer to 
Figures 10 and 11. 


When RSg=RS1=1 (register select=1, 1}, the Pixel 
Address register is in the READ mode. Io read one of 
the color palette’s entries, the user writes its address 
into the Pixel Address register and then reads the three 
color definition components. The color definition data 
input/output sequence is always RED, GREEN, BLUE. 
Refer to Figures 9, 12, and 13. 
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The 18-bit Color Value register, used as a buffer be- 
tween the microprocessor interface and the color palette, 
is accessed by setting Rsg=1 and RS;=0. A color defi- 
nition can be read from or written to this register by a 
sequence of three byte-wide transfers to this register ad- 
dress. When a byte is written to this register, only the 
least significant six bits (D5.9) are used. When a byte is 
read from this register address, only the six least signifi- 
cant bits contain information — the most significant two 
bits are set to zero. Refer to Figures 9-13. 


After the WRITE sequence is completed, the Color Value 
register’s contents are written to the specified color 
palette address stored in the Pixel Address register. 
Finally, the Pixel Address register is automatically 
incremented. 


The color definitions can be read from the color palette. 
After setting RSg and RS1 to 1, the user stores the 
desired color palette address in the Pixel Address 
register. The color definition (18 bits} in that color palette 
location is then transferred to the Color Value register 
and the Pixel Address is auto-incremented. With 
successive READ cycles, the color definitions pointed to 
by the incremented address are transferred to the Color 
Value register. Refer to Figure 12. 


Attempting to update the color palette when BLANK Is 
not asserted results in the data from the Color Value 
register taking precedence over the bit mapping 
operation. The output of the three 6-bit DACs will be 
based on the color definition from the memory location 
specified by the Pixel Address register and not the 
address found on P7_g. This conflict causes the DACs to 
generate unexpected output levels for up to two PCLK 
periods. 


The Pixel Mask register is a byte-wide latch, accessed by 
the microprocessor interface, D7.9, when RSg=0 and 
RS;=1. This register is used to mask selected bits of 
the Pixel Address values applied to inputs P7.9. A “1° in 
any location in the Pixel Mask register sets the corre- 
sponding bit to zero. The operation of the Pixel Mask 
register does not affect the address of the color defini- 
tion when the microprocessor accesses the color palette. 
The masking operation makes it possible to alter the dis- 
played colors without altering the contents of external 
video memory or the internal color palette. 
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Writing to the Color Palette 


A new color definition can be stored in the color palette 
by first specifying the initial address under WRITE mode. 
This address is stored in the Pixel Address register . 
(RSg=RS1=0). The initial address is followed by RED, 


GREEN and BLUE color definition data (RSg=1, RS} =0). 


These six-bit inputs are collected together in the Color — 
Value register. This new color definition is then trans- 
ferred to the location pointed to by the information in 
the Pixel Address register. As soon as this transfer is 
completed, the Pixel Address register is auto-incremented. 
This allows consecutive color palette locations to be 
updated without the microprocessor specifying each 
address. The host needs only to continue supplying the 
RED, GREEN and BLUE data for each consecutive 
address. Refer to Figures 10 and 117. 


Reading from the Color Palette 


To read a location in the color palette, an address Is sent 
on the Data 1/0 lines (D7_9) under READ mode and 
stored in the Pixel Address register (RSg=RS1=1). The 
color definition contained in the specified location is then 
transferred to the Color Value register. Again, the Pixel 
Address register is auto-incremented. The color definition 
can now be retrieved with three sequential READ opera- 
tions (RSg=1, RS1=0). The first byte placed on the 


Data 1/0 lines contains the RED value; the next is GREEN 


and the final is BLUE. The two most significant bits are 
set to zero in each case. In a manner similar to the 
WRITE mode, consecutive color palette locations can be 
read by simply specifying the beginning address and 
reading the color palette one or more times. Refer to 
Figures 9, 12 and 13. 


If the Pixel address register is updated during a READ or 
WRITE operation, the current data sequence Is termi- — 
nated and a new READ or WRITE pelava iS initialized. 


Video Path 


The Video path consists of the Pixel Latch and Mask 
(inputs P7_p), color palette (256 18-bit wide RAM), | 
18-bit wide bus, and an 18-bit wide latch on the inputs 
of the three 6-bit high-speed video DACs. The video 
path uses a three clock cycle (PCLK) pipeline for the 
Pixel Address and BLANK inputs. These signals are 
latched on the rising edge of PCLK. 


Analog Outputs 


The analog outputs are designed to drive singly- 
terminated 730 loads to a peak-white amplitude of 0.7V. 


The ‘reference. current (IRF for this output is set to 
4.44mA. The analog outputs can also drive doubly- 
terminated 75Q loads with IRFF set to 8.88mA. 


The active LOW BLANK input forces the analog outputs 
to ground, ignoring the color definition selected by the 
Pixel Address. Each of the 63 current sources used in 
each of the 6-bit DACs produces 1/30 Ipcr. Therefore, 
the magnitude of peak white voltage is a function of the 
output loading and IS determined by: 


VPEAK WHITE = 2-1 * IREF * AL 


VBLACK LEVEL = OV. 
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Signal Descriptions 


Signal 
Name 


Red 
Green 
Blue 


—IREF 


P79 


PCLK 


RSq, RS 


NC 


Package Pin Number 
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on 


39-32 


— 
So 


—_— 


4 2,3, 9.19; 20, 


24, 41-44 


2 4, 20, 21, 22 


—, 
on co ice) 
~ > RO BO RO BRO 
co “Om o1 


24-17 


— 
on 
co 


NO 
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26, 27 17, 18 


1, 29-31: 
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Signal 
Type 


ras) 


Signal Description 


These analog outputs of the 6-bit DACs are the currents used for 
each of the guns in an RGB (Red, Green, Blue) video display. 


‘The current forced out of this Reference Current Input pin to ground 


determines the current sourced by each of the 63 current source in 
each of the three 6-bit DACs. Each current source produces Iper/30 


when activated by the 6-bit digital input code. - Gu 
The byte-wide information on these Pixel Address lines is latched 


and masked by the Pixel Mask Register. The resulting value ad- 
dresses a location in the Color Palette RAM. Pg =LSB. 


The rising edges of the Pixel Clock signal control the latching of 
the Pixel Address and Blanking Inputs. They also control the prog- 
ress of these values through the three stage pipeline of the Color 
Palette the DACs to the outputs. 


_ This is the power supply ground connection. 


This positive power supply pin is normally connected to +5V DC 


and bypassed with a 10uF tantalum capacitor. 


When this READ bus control signal is LOW, information present 


on the internal data bus is available on the Data 1/O lines (D7_9). 


This active LOW signal forces the DACs’ outputs to zero. When 
BLANK is asserted, a video monitor’s screen becomes blank and 
the DACs ignore any output values from the Color Palette. How- 


_ ever, the Color Palette can still be updated through D7_9. 


These bidirectional Data 1/0 lines are used by the host_micropro- 
cessor to WRITE information (using the active LOW WR) into and 
READ information (using the active LOW RD) from the TMC0171's 
Pixel Address, Color Value and Pixel Mask registers. During the 
WRITE cycle, the rising edge of WR latches the data into the 
selected register. The rising edge of RD determines the end of | 
the READ cycle. With RD and WR both HIGH, the Data 1/0 lines 
go into a high-impedance state. 


This active LOW WRITE signal controls the timing of the WRITE 
operations on the microprocessor interface inputs, D7_p. 


These Register Select lines select one of the three internal reg- 
isters and are sampled during the falling edges of the enable sig- — 
nals (RD or WR). See the Functional Description section for more 
information regarding the internal registers. 


‘Not: connected internally. 
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Timing Characteristics. 


Figure 1. System Timing Diagram 
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Figure 2. Timing Diagram Detailing Timing Specifications | 
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Figure 3. Basic WRITE Cycle Timing Diagram 
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Figure 5. WRITE to Pixel Mask Register Followed by WRITE and READ 
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Figure 6b. READ from Pixel Mask or Pixel 
Address Register (READ or WRITE 
Mode) Followed by WRITE 


Figure 6a. READ from Pixel Mask or Pixel Address 
Register (READ or WRITE Mode) 
Followed by READ 


wR i ; \ 
3 ——-~ ra ee, . | 
| | | 


21175A 21176A 


Figure 8. WRITE and READ Back Pixel Address 
Register (WRITE Mode) 
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Figure 7. WRITE and READ Back Pixel Address 
Register (READ Mode) 
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Figure 9. READ Color Value the READ. Pixel Address Register (READ Mode) 
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Figure 10. Color Value WRITE Followed by READ | 
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Figure 11. Color Value WRITE Followed by WRITE 
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Figure 12. Color Value READ Followed by READ 


Se 


| 
RY XXXXXY XXX XXX 
ns (XD AXXXA AXA AXXXXXXA AXA KX 
D7.9 (DD (_sreen KX x) 


21182A 


Figure 13. Color Value READ Followed by WRITE 
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Absolute maximum ratings (beyond which the device may be damaged) | 

SOEIPURD Ly Wea U Ya ceca ts eased as erat va aw esha ice asses ever u ssc ges see Gras lean nca ce RMA RRA maT ceed eEG YA aeea eens —0.5 to +7.0V 
PUP UC WEG access ceca al casas acters ahaa tek at he ala hea gc os Sata ast ates Ce areca aialeadas sss babaea tests deu lat tea tha stati deus —0.5 to +7.0V 
Temperature 

EVV AEEIVG AIVU EN coac5 of xc ctacar cae ed ated Ba Sa sed pala ees cs are hen learned ego ears ga ma dea cade calcu nc ata axhieat 0°C to +70°C 

SLORY. sccdsec sce ac odeh dats met PMA Eases geeks h da tlc sp See Seanad aet acd ae eu aaa aa aio apstvabek ana Gaeta sacaad —65 to +150°C . 
Note: 1. Stresses above those listed may damage the device permanently. Proper operation at these or any other conditions outside those listed in 


this data sheet is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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Operating conditions 


12 


Parameter 


Vee, Positive Supply Voltage ee to BND) 
IREF Reference Input Current 
VIL ‘Digital Input Voltage, Logic LOW ~ 
Vin _ Digital Input- Voltage, Logic HIGH . 
loL Output Current, Logic LOW 
lon Output Current, Logic HIGH 
tcLK PCLK Period 
Atc PCLK Jitter ' 
tpwe PCLK Width, LOW 
tpwH  PCLK Width, HIGH 
ts Pixel Word or BLANK Setup Time 2 
ty Pixel Word or BLANK Hold Time 2 
tww_ WR Pulse Width, LOW 
trw_ RD Pulse Width, LOW | 
top Register Select Setup Time 
tuR Register Select Hold Tlme — 
tsp WR Data Setup Time 
typ WR Data Hold Time 

- tww1 Successive WRITE Interval 
twri _~WR Followed by READ Interval 
tRR1 Successive READ Interval 
trwi _ RD Followed by WRITE Interval 
tww2 WR after Color WRITE 3 
twr2 RD after Color WRITE 3 
tpR2 _- RD after Color READ 3. 
trw2 _—*WR after Color READ 3 
twr3 _—ORD after Read Address WRITE 3 
tTRW READ/WRITE Enable Transition Time 
ta Ambient Temperature, Still Air 
Notes 


- Temperature Range 


sre yore ae | Units 
Cepefe pels] os 
A A i 
a 
v 


< 


5 
p56 | 4 fat 8 8 ns 
ei : 
| so | so | so | o | o | Jn 
a 
Pas fe [wo [oo [io fT [os 
a 
fos {oi | wo [| wo | wo | fas 
Pete fe Tepe [ts 
} 3 | 3 | 3 {| 3 | 3 | tt 
ae ee a ee ee 
3 | 3 | 3 | 3 | 3 ff tek 
—————————S tCLK 
3 CLK 
| 6 | 6 | 6 | 6 | 6 | 4t tek 
SARIS ee 


1. This parameter is the allowed variation in the pixel clock frequency. It does not permit the pixel clock period to vary below the minimum 


specified to), value. 
includes the blanking period). 


palette. 


The color palette’s pixel address must be valid for the specified minimum setup and hold times at each rising edge of PCLK (this requirement 


This parameter allows synchronization between operations on the microprocessor interface and the pixel stream being processed by the color 
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Parameter 


CA 
VBLANK 


EOF 


Notes: 
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Electrical characteristics within specified operating conditions — 


ar WN > 


Input Leakage Current 


-Qutput Voltage Compliance. 


A a 1 a A 
7 AIX 


Temperature Range 
Standard 


Test Conditions Units 


Output Voltage, LOW 
Output Voltage, HIGH 


Io. = Max 


loH = Max 24 


Input Capacitance 
Output Capacitance 
Input/Output Capacitance 


louT = Max, Digital Outputs 
Unloaded, PCLK = 35MHz 

Voc =4.5V, Iper= 10mA — 
louT <10mA : 


Vout <1V, Incp <10mA 21 


Output Leakage Current 
Operating Supply Current 


no) 
mn 
1 


150 
Reference Voltage at Iper Pin 


<= 

(ep) 
—_— FOD 
or 

ow 


<= 


Output Current Compliance 


ZL=750 + 30pF, Ippp=4.44mA or 


Absolute Gain Error ' 


ZL =37.50 + 30pF, Ippp=8.88mA + % 


5 
ZL=750+30pF, Ipep=4sama {| Tt | 


DAC to DAC Mismatch 2 


Integral Linearity, Terminal Based ° ZL = 750+ 30pF, IpEF=4.44mA Pf 05 [SB 
Rise Time 4 | ZL=750 + 30pF, Ipepp=4.44mA = ns 
Full-Scale Setting Time ° ZL=750+ 30pF, Ippp=4.44mA ns 
Glitch Area © ZL=750+ 30pF, Ippp=4.44mA FF 00 pV sec 
DAC Output Capacitance BLANK =Logic LOW is eae pr 
Blanking Output Voltage . BLANK = Logic LOW, 

ZL=7502+ 30pF, Ippp =4.44mA +0.5 | LSB 


_ BLANK=Logic HIGH, 


Unadjusted Output Offset Error 
| ZL =750 + 30pF, Ippp=4.44mA 


Zero and. full-scale adjusted linearity error=[(Vgyt —Vorrseq) — (DxVLSB)I/VLSB, where VLSB=(Veyiiscate— Yorrseri/63. 


Absolute gain error is defined as 100% (FSlgyt— 2.1 ° Ipee)/2.1 ° lar VBIACK LEVE, = OV. 


_ The listed value is relative to the midpoint of ‘the full-scale distribution of the three DACs. 


The rise time is measured for 10% -to 90% of the full-scale transition. 


The output signal's setting time is measured from a 2% change at the transition’s initial value until it has settled to within 2% of the final . 
value. . . 


This value is determined using triangular approximation: glitch area=(area of positive transient] —(area of negative transient). 


TRW LSI Products Inc. 13 


TMC0171, TMC0176 


Switching characteristics within specified operating conditions 


oe Temperature Range | 7 


Parameter 


tps PLCK to Valid DAC Output ' 


Atps Differential Output Delay 
tENA Output Turn-On Delay 
tpig «Output Turn-Off Delay 3 


too RD Enable Access Time —_ 
to Output Hold Time 
FT¢ Clock Feedthrough 4 


Notes: le. 


A valid analog output is defined as the 50% point between successive values. This parameter is stable with time but can vary between different 
devices and. may vary with different DC operating conditions. 


2. This applies to different analog outputs on the same device. This is a design parameter, not 100% tested. 


3. Measured at +200mV from initial steady state output voltage. 


4. Reference to full-scale output. 


AC Test Conditions 
1.4V 


TMC0171 ra Input PUISELEVEIS . scuis wee eenrsucelewe. GND to 3V 
PINS Input Rise and Fall Times (10% to 90%) ......... 2.5ns 
D7 9 S0pF Digital Input Timing Reference Level............. 1.5V 

il Digital Output Timing Reference Level . . . 0.8V and 2.4V 


21168A 


Application Hints 


Power Supply 


The video DAC may draw large transient currents from 
the power supply. To ensure proper operation, use 
standard high frequency board layout techniques and 
power supply distribution. 


The transient current required by the device dictates 
that the ground path impedance must be minimized by 
using decoupling capacitors, as shown in Figure 14. 
These capacitors’ leads must be as short as possible. 
High-frequency decoupling is accomplished with a 0.1pF 
chip capacitor, C1. A bead tantalum, between 10pF to 
47F, should be used for C2. 


A ground plane will minimize differential ground noise by 
holding the pin 14 voltage near O during the current 


transitions. 


Analog Output-Line Driving 


The output connections should be viewed as transmission 
lines. Impedance changes along these lines will reflect 
part of the video signal back to the DACs’ outputs. To 
ensure good signal fidelity, RF design techniques should 


be observed. Any traces connecting the DAC to an 


onboard connector should form a transmission line of 
75Q impedance, unless the DAC’s output termination 
resistor is placed at the output connector instead of the 
DAC’s output pin. The coaxial cable that connects the 
outputs to a video monitor should have a characteristic 
impedance of 75Q. Since connectors on the coaxial line 
can cause impedance changes, any connectors used 
must match the line's characteristic impedance. 


The DACs use switched current sources that are 


Summed together to generate the output current. Each 
6-bit DAC consists of 63 current sources, each of 
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Analog Output-Line Driving (cont.) 


which has a magnitude of 1/30 (IpeF). The digital input line). If the connections are correctly terminated 
code determines the number of current sources that there will be no reflections. However, if there are 
contribute to the total output current. This output any line impedance variations along the cable, 
Current, in conjunction with a termination resistance reflections will occur and create ‘ghost images” on 
connected between each DAC output and ground, sets the display. This occurs because there is a reflection 
the full-scale magnitude of the output voltage. There are from the point where the mismatch occurs back to 
four different methods of terminating the DAC outputs: the DAC’s output. The signal then reflects off the 
1. Single-Termination at the DAC (750) DAC’s output back toward the monitor, causing an 
2. Single-lermination at the Destination (75) engl Bena 
3. Double-lermination (37.50) 3. Double-termination of the DAC outputs allows each Gu 
4. Buffered Signal end of the transmission line to be correctly matched. 
This results in the least amount of reflection and the 
1. Single-termination at the source places a single highest signal and display fidelity. This termination 
termination resistor at each DAC output. No other method permits the fastest rise time. The DAC termi- 
terminating load is present. Therefore, a high-input nation’s RC time constant sets the outputs’ rise time. 
impedance monitor should be used. The AC load The greater the time constant, the slower the rise 
driven by each DAC’s outputs is the transmission line time. Therefore, the rise time will be minimized since 
impedance in parallel with the load resistor. The the impedance using this termination technique is 
transmission line's impedance should match that of less than that achieved with single-termination. With 
the load resistor. Thus, the DACs’ output has an double-termination, it is necessary to increase IRFF 
initial signal amplitude that is half the DC value to 8.8mA to ensure a full-scale output voltage of 
expected. This half-amplitude signal is 100% 700mV. 


reflected by the open circuit presented by the | | | 7 
monitor input, restoring the signal amplitude to the § 4. With a buffer at its outputs the DACs will be able to 


expected value. The reflections from the monitor drive capacitive loads such as long lossy cables. A 
propogate back to the DAC output, where the load high-input impedance buffer, e.g., LM1201 or 
resistor presents a correctly terminated transmission LM1203, is required. A 75Q load is placed at the 
line so that no further reflections occur. This buffer’s input. 

arrangement is relatively tolerant of mismatches in 

the transmission line between the DAC and the The buffer’s low output impedance should be ~ 
monitor because no reflections occur at the DAC end matched to the interconnecting cable with a series 
of the transmission line. However, multiple monitors resistor. The cable should then be terminated with 
should not be connected in parallel, despite each the same resistance at the monitor. 


monitor's high-input impedance. 
ESD Protection 


Although each pin has on-chip electrostatic discharge 
damage (ESD) protection, proper handling precautions 
during manufacturing will reduce the possibility of ESD. 


2. Single-termination at the destination uses the 
termination impedance at the input of the monitor 
as both the load resistor for the DAC and the 
termination impedance of the cable (transmission 
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Generating Iprr 


An active IRFF current source will ensure that the video _—- For double-termination applications, R1=11Q and 

DAC has predictable and stable output currents. There R2=464Q. The diode connected transistor, 01, across ~ 
are numerous methods available to generate the Q2's base-emitter junction compensates for thermal 
reference current. One of the simplest circuits is shown variations to first order. 

in Figure 14. As shown, this IReF generator will sink | 

—4 44mA (single-termination). with R1=22.1Q and 

AZ=oo10): 7 


Figure 14. Typical Connection Showing Iperf Generator 


+ O1uF + 
Ry | 10uF TOuF 


Lio For Inee to equal 4.4mA ; 
Q2 NE3804 Q1 NE3804 ia 


PIXEL ADDRESS INPUT 


— PCLK Ry ‘i Forlaer to equal 8.8mA ; 
TMC0171/TMC0176 1 1 Ry = 110, Rp = 4640, 
RED C ) 750) TO MONITOR'S RED INPUT 
DATA INPUT/OUTPUT 
750) 
t | 750) TO MONITOR'S GREEN INPUT 

750) 

t 750) TO MONITOR'S BLUE INPUT 
SIGNAL CONTROLS fa 


Source Termination ° 


PIXEL SIGNALS | | 


NOTE: 1. Bead - style tantalum capacitors should be used for the 10uF devices. 
2. Thermally connect the NPN transistors together. 
~ 8. For single termination, set Iper to 4.44mA and use either source or destination termination resistors. For double termination, set Iner to 8.88MA and use both 
source and destination resistors. 21184A 
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Figure 15 shows an alternative method of generating - IREF= 130mV/R1 

lner. The LM334 precision current source Is used in a 

temperature compensated configuration. The reference This current is not recommended for critical applications, 
current is set by a single resistor, R1, independent of particularly with double-termination. 


Vec. The current’s value is: 


Figure 15. Typical Connection with LM334 Current Source Ipef Generator 


+5V 


Voc 
O.1pF = +4 10uF 0.1 uF + 


[er [ee 10uF 


PIXEL ADDRESS INPUT 
REF 


= 
GND coe 
i TMC0171/TMC0176 PSK 


RED -) 750 , TO MONITOR'S RED INPUT 
DATA INPUT/OUTPUT | 


E | 750 TO MONITOR'S GREEN INPUT 


EF) 750 TO MONITOR'S BLUE INPUT 
SIGNAL CONTROLS 


Source Termination 


PIXEL SIGNALS 


NOTE: 1. Bead - style tantalum capacitors should be used for the 10u.F devices. 
fa Ry = 300 for IREF 4.44mA; 
Ro = 10 times Ry 
150 for Ipeg = 8.88mA 21185A 
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Itty 


Figure 16 shows a TDC4611 and a discrete transistor 
generating a very stable Iper. 


The 1DC4611's on-board reference produces a nominal 
1.24V. The voltage divider connected to the reference's 
output, pin 3, creates 200mV that Is applied to R1. 


Ignoring the small amount of base current, the discrete 
transistor’s collector current (and therefore, IR¢F) is: 


— IREF=200mV/R1 


For Ip¢¢=4.44mA, R11 is, to the nearest 1% value 
44.20; IREF=8.88mA gives an R1 of 22.10. 


Figure 16. Typical Connection with Ipfr Generator Using TDC4611 


Voc. 


PIXEL ADDRESS INPUT leer 


DATA INPUT/OUTPUT 


SIGNAL CONTROLS 


PIXEL SIGNALS | | | | | | | 


Note: 1. Bead - style tantalum capacitors should be used for the 10uF devices. 
2. For IREF =4.4mA, Ry = 4.420 
For Iper = 8.88MA, Ry = 22.10 


E) 750 TO MONITOR'S RED INPUT 
750) 

C) 50) TO MONITOR'S GREEN INPUT 
750) | 

C) 750 TO MONITOR'S BLUE INPUT 
750) 


Source Termination 
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Decoupling IpFF 


The DACs comprise switched current sources. Each 
Current source is based on a current mirror that 
produces (IRFF}/30 when active. The total output current 
is determined by the number of active current sources 
switched to the output and the magnitude of Iperf. 


The magnitude of the current flowing through the 
internal current sources depends not only on Ip¢r, but 
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also on the voltage at pin 4 relative to Vcc. Therefore, 
voltage variations between Vcc and the [RFF input can 
result in variations in the DAC’s output current. These 
variations can be greatly attenuated by using a high- 
frequency capacitor to couple the IRFF input to Vcc. 
This allows the reference current input to track both high 
and low frequency variations in Vc. 
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Ordering Information 


Product Speed Temperature Range Package Package 
Number (MHz) Marking 


TMCO0171N6C 
TMC0171N6C4 


0171N6C 
0171N6C4 


0171R2C 


STD—- -Tpa= 0°C to 70°C Commercial 28 Pin Plastic DIP 
STD—Tpy=0°C to 70°C * Commercial 28 Pin Plastic DIP 


STD—Ty=0°C to 70°C 44 } 44 Lead Plastic J-Leaded Chip Carrier | Plastic J-Leaded } 44 Lead Plastic J-Leaded Chip Carrier | Carrier 


TMC0171R2C 


TMCO0176N6C4 STD—Tp=0°C to 70°C Commercial 28 Pin Plastic DIP 0176N6C4 
TMICOITBN6C4 STN—Ta=0°C to 70°C Commercial 28 Pin Plastic DIP 0176N6C5 
TMCO0176N6C6 STD—Ty =0°C to 70°C Commercial 28 Pin Plastic DIP 0176N6C6 
TMCO0176N6C8 STD—Tyj=0°C to 70°C Commercial 28 Pin Plastic DIP 0176N6C8 BB 


TMC0176R2C4 0176R2C4 


a STD—T,j=0°C to 70°C 44 Lead Plastic J-Leaded Chip Carrier 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appronriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LS! Products Inc. against all damages. 
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TMC0458 


Advance Information 


Itwy 


Color Palette with Triple D/A Conve 
8 bit, 200Msps 


The TMC0458 is a 256 x 24 color palette which drives three 
8-bit D/A converters to generate high-resolution analog 
graphics. The 5-way multiplexed data inputs permit the 
circuit to operate at 200Msps with TTL data input logic. A 
differential pseudo-ECL master clock input is provided. The 
device operates from a single +5V supply. 


The dual-port palette can be read by the host 
asynchronously from the pixel clock through a standard 
microprocessor interface. Color overlay tables support 
menus, grids, cursors, and other enhancements. Bit planes 
may be masked or blinked. The TMC0458 is pin- and 
functionally-compatible with the BT458. 


Fabricated in TRW’s one micron OMICRON-C ™CMOS 
process, the TMC0458 is available in an 84 pin Plastic 
Leaded Chip Carrier (PLCC) or Plastic Pin Grid Array (PPGA). 


Features 


e Triple 8-Bit D/A Converters 
e 256 Colors From A Palette Of 16.8 Million 


rter 


200Msps Pixel Rate 

e Multiplexed TTL Pixel Input 

e Standard Microprocessor Intertace 
RS343A-Compatible Outputs 

@ Single +5V Power Supply 

e Monolithic 

e Available In PPGA And PLCC 

© Low Cost 


Applications 


e High Resolution Graphics 
e Image Processing Systems 
e CAD/CAE/CAM 


Associated Products 


e 1DC4611 Reference/Amplifier 
e 1TMC2272 Color Space Converter 


Simplified Block Diagram 


CLOCK 


8 V 
PA7.9 > x 
2 
0A7.5—> MICRO-PROCESSOR 
INTERFACE COMP 
8 V 
PB79\_> V VREF 
; L_\ GAIN 
8 V 
PCr9\_» 10 8 
oi ae aE ENS 10 aw BL aes 
0C 792s rv 8 256x24 18 
\ > coror FY > 0G 
- V PALETTE | 9 
7-0 
yA SP on >> 
OD, 0 \_) 
8 y, 10 
PE79>\_ > S 
; \ A 24 
OE 7-0=\——> 
MASK BLINK 4x 24 
REGISTER CONTROL OVERLAY 


24110A 
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TDC1012 


Monolithic Digital-To-Analog Converter 


12-Bit, 20Msps 


The TDC1012 is a TTL compatible, 12-bit monolithic D/A 
converter capable of converting digital data into an analog 
current or voltage at data rates in excess of 20 Mega- 
samples-per second (Msps). 


The analog performance has been optimized for dynamic 
performance, with very low glitch energy. The dual outputs 
are able to drive 50Q load with 1 Volt output levels while 
keeping a spurious-free-dynamic range greater than 70dB. 


Data registers are incorporated on the TDC1012. This 
eliminates the temporal data skew encountered with 
external registers and latches and minimizes the glitches 
that can adversely affect performance in many 
applications. 


Features 


e 12-Bit Resolution 

e 20 Msps Data Rate 

e TTL Inputs 

e Very Low Glitch With No Track And Hold Circuit Needed 


e Dual +4dBm (1V Into 502) Outputs Make Output 
Amplifiers Unnecessary In Many Applications 


e 70dB Typical Spurious-Free Dynamic Range 
e Available Compliant To MIL-STD-883 


Gu 


Applications 


e Direct Digital RF Signal Generation 
e Test Signal Generation 

e Arbitrary Waveform Synthesis 

e Broadcast And Studio Video 

e High-Resolution A/D Converters 


Interface Circuit 


REF+ REF- COMP 
D, (MSB) 

Dp 
Ds 
Dy 


TDC1012 


FT 


Acno Pend Yec 


VEEA 


VEED 


24073A 
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TDCI012  Triw 


Functional Block Diagram 
REF+ 
REFERENCE ae ; Sotare EREDENOE: | 
AMPLIFIER 'S = 
REF- 
ae 63 UNIFORMLY WEIGHTED 
Cp MSB CURRENT SWITCHES 


COMP 
D, (MSB) 
Dp 


D3 MSB DECODE 
REGISTER 


J VVVVVV 


OUT+ 


| CURRENT 
SWITCH ARRAY 


Our 


LSB DATA 
REGISTER 


Diy 


VVVVVV V 


D4o (LSB) 


omens __| Pea EABRENTSWiT 
LSB CURRENT SWITCHES 24074A 


Pin Assignments 


“Dg 1 Dg 
Dip 2 D7 
Dy, 3 VEED 
(LSB)D,5 4 COMP 
Acnp 5 REF+ 
OUT+ 6 REF- 
OUT- 7 VEEA 
Denn 8 FT 
De 9 CONV 
De 10 Vee 
Pere anoe D, 11 D, (MSB) 
Boer srg Dy 12 Dy 
a 24075A 24076A 
28 Contact Chip Carrier-C3 Package 24 Pin Hermetic Ceramic DIP-J7 Package 
28 Leaded Plastic Chip Carrier-R3 Package : | 24 Pin Plastic DIP-N7 Package 
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Functional Description 


General Information 


The TDC1012 consists of five major circuit sections: the 
LSB data register, the MSB decode block, the decoded 
MSB register, the current switch array, and the reference 
amplifier. All data bits are registered just before the 
current switches to minimize the temporal skew that would 
generate glitches. 


There are three major D/A architectures: segmentated, 
weighted current sources, and R-2R. In segmentated 
converters there is one current source for each possible 
output level. The current sources are equally weighted 
and for an input code of N, N current sources are turned 
on. An N bit segmented D/A has 2N—1 current sources. 

A weighted current source D/A has one current source for 
each input bit, and a binary weighting for the current: 
sources. In an R-2R D/A, there is one current source per 
bit and a resistor network which scales the current sources 
to have a binary weighting. When transitioning from a 
code of 011111111111 to 100000000000, both the 

R-2R D/A and Binary weighted D/A are turning some 
current sources on while turning others off. If the timing Is 
not perfect, there is a moment where too many current 
sources are either on or off, resulting ina glitch. Ina 
segmented architecture, 2047 of the current sources — 
remain on, and one more is turned on to increment the 
output - no possibility of a glitch. fs 


The TDC1012 uses an architecture with the 6 MSBs 
segmented and the 6 LSBs form a R-2R network. The 
result is a D/A converter which has very low-glitch energy, 
and a moderate die size. 


Power, Grounds 


The TDC1012 requires a —5.2V power supply and a +5.0V 
power supply. The analog (VEFA) and digital (VEED) supply 
voltages should be decoupled from each other, as shown 
in the Typical Interface Circuits. The Vcc pin should be 
considered a digital power supply. The 0.1pF decoupling 
capacitors should be placed as close as possible to the 
power pins. The inductors are simple ferrite beads and are 
neither critical in value nor always required. 
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Reference 


The TDC1012 has two reference inputs: REF+ and REF-. 
These are the inverting and noninverting inputs of the 
internal reference amplifier. An externally generated 
reference voltage is applied to the REF— pin. Current flows 
into the REF+ pin through an external current setting 
resistor (RRFF). This current is the reference current (IRFF) 
which serves as an internal reference for the current 
source array. The output current for an input code N from 
QUT+ is related to IRFF through the following relationship: 


IREF 


lOUT=N x —F 


Where N is the value of the input code 


This means that with an IRFF that is nominally 625uA, the 
full scale output is 40mA, which will drive a 50Q2 load in 
parallel with a 50Q transmission line (25Q total load) with 
a 1V peak to peak signal. The impedance seen by the REF— 
and REF+ pins should be approximately equal so the effect 
of amplifier input bias current is minimized. The TDC1012 
has been optimized to operate with a reference current of 
625mA. Significantly increasing or decreasing this current 
may degrade the performance of the device. 


The minimum and maximum values for VRFF and IRFF are 
listed in the table of Operating conditions. The internal 
reference amplifier is externally compensated to assure 
stability. To compensate this amplifier, a 0.1uF capacitor 
should be connected between the COMP pin and VEFA. 
The amplifier has been optimized to minimize the settling 
time, and as a result should be considered a DC amplifier. 
Performance of the TDC1012 operating in a multiplying D/A 
mode is not guaranteed. 


Stable, adjustable reference circuits are shown in the 
Typical Interface Circuits, 5, 6 and 7. 


Digital Inputs 


The data inputs are TTL compatible. The TDC1012 is 
specified with two sets of setup and hold times. One of 
these pairs of specifications guarantees the performance 
of the TDC1012 to specifications listed in the Minimum 
and Maximum columns of the System performance 
characteristics table. 
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The second more rigid specification is recommended for  ~ 


applications where lowest possible glitch and highest 
SFDR are desired. The more stringent ts and ty ensure 
that the data will not be slewing during times critical to the 
TDC1012, and will minimize the effects of capacitively 


coupled data feedthrough and optimize SFDR performance. 


Another method for reducing the effect of capacitive 
coupling is to slow down the slew rates of the digital 
inputs. This has been done in the circuit shown in the 
Typical Interface Circuits by the addition of 50Q series 
resistors to the data lines. 


Clock and Feedthrough Control 


The TDC1012 requires a TTL clock signal (CONV) Data ts 
synchronously entered on the rising edge of CONV. The 
CONV input is ignored in the Feedthrough (FT = HIGH) © 
mode. The Feedthrough (FT) pin is normally held LOW, 
where the TDC1012 operates in a clocked mode (the output 
changes only after a clock rising edge). An internal pull- 


down resistor is provided,and this pin may be left open for 


clocked operation. 


For certain applications, such as high-precision successive 
approximation A/D converters, throughput delay may be 
more important then glitch performance. In these cases, 
the FT pin may be brought HIGH, which makes the input 
registers transparent. This allows the analog output to 
change immediately and asynchronously | in response to the 
digital inputs. 
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Since skew in the bits of the input word will result in. - 
glitches, and will affect settling time, it is recommended 
that the TDC1012 be operated in clocked mode for most . ~ 
applications. | 


Analog Outputs 


Two simultaneous and complementary analog outputs < are | 
provided. Both of these outputs are full-power current 
sources. By driving the current source outputs into a 
resistive load, they may be used as voltage outputs. OUT+ 
provides. a 0 to —40mA output current (0 to —1V when 
terminated in 2502) as the input code varies from 

0000 0000 0000 to 1111 1111 1111. OUT— varies ina 
complementary manner from —40 to OmA (-1 to OV when 
terminated with 252) over the same code range. (See the 
Input Coding Table.) | 


The output current is proportional to the reference current 


and the input code. The recommended output termination 


is-25Q. This can be provided by placing a 50@2 source — 
resistor between the output pin and ground, then driving a. 
terminated 50Q transmission line. With this load, the 
output voltage range of the converter isOto—1.0V. . 


lf a load is capacitively coupled to the TDC1012, it is 
recommended that a 25Q load at DC, as seen by the 
TDC1012, continue to be maintained. The output voltage 
should be kept within the output compliance voltage range, 
Voc, as specified in the Electrical characteristics 
table, or the accuracy may be impaired. 
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Package Interconnections 


J7&N7 C3 & R3 
Package Pins | Package Pins 


Signal Type Signal 
Name 


RO 
ao 


Power 


<n 
Seno 
veep 
Reference |_REF 
aE 


Data Inputs D1 (MSB) Most Significant Bit 7. er 


EE) a (a eee (fe ee eee eee 
Sa Ree rmeneeney (00 Semmes een eee 
RSID eee a ee eee eee eI 21 
ae Os 
ie ODS aes aes ee a ec ce ae ee eae ae fies OO 
Oe et ee 
a ee a ee ee, 
ne OUT ees oa lee a eas ee 
ON oe ee ce 
EON ce 
D412 (LSB) Least Significant Bit [ae ae ae 11 
Feedthrough Po Feedthrough Mode Control i a a 28 
Convert CONV Convert (Clock) Input i ae ae 27 
Analog Output Analog Output 0 to 40mA eae 14 
Input Coding Table! 
Input Data OUT+ (mA) VouT+(mV) QUT- (mA) VouT-(mV) 
MSB_ LSB | 
0000 0000 0000 —1000.00 
0000 0000 0001 ~999.75 
0000 0000 0010 ~999,52 
011117111111 —500.12 
1000 0000 0000 —499.88 
1171 1111 1101 ; ~—999.52 —0.49 
1117 1111 1110 . —999.75 —0.24 
111111111111 : —1000.00 : 0.0 


Note: 1. IRFF=625uA, Ri OAD = 25Q 
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Figure 1. Timing Diagram 


ts 
INPUT 
(D442) 
CONV 
FT _ 
—>| toe | 
DV = ~ Y : 
1 LSB | - - 1 LSB 
+1/2 LSB 
OUT - 
. 1LSB 
+1/2 LSB 4 ; 
tSeT tsep 5 . 24077A 
Figure 2. Equivalent Input Circuits 
CONVERT, FT & DATA (D,_49) | AGND 
Vee 3 REF — O- 
REF + © 
VEED 
INPUT O — 1.3V 
~ REFERENCE 
. SEGMENT , 
~ SWITCH BIAS 
VEEA 
DVREF 
VEED 211394 
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Figure 3. Equivalent Reference and Output Circuits Figure 4. Output Test Load 
CURRENT CURRENT ‘ 
SINK #1 SINK #N TEST LOAD: 
Sour: OUT + 0TO-1 VOLT 
a t OUT - C R 
cet eet ; _— 
REF + © ea EES miata ie 1 ines ceed oe om? 
Ae a Vea 
| 
os 1 > it ‘ 21346A 
| | t | 
' 74 ' 3 
Lec f--4 Leksoe : VEEA 


Absolute maximum ratings (beyond which the device may be damaged)! 


Supply Voltages 
VCC (Measured to DG QO) -esssssssssssssssssssscssssssssscssssssssssssessccsssesssssssenssees eetecccies Scaiahaidalaummaranienamatns 0.5 to +7.0V 
VEER . AMG aSUTER 16 AG ND) sesseuscsccadesscesselajec say hutesnasnasusiiectsliashasd vai bask onsacassadawtesasacssessuit doin beienescibutectsunsahasaktarcio ln eoostouill —7.0 to +0.5V 
VEER. (MEASURE tO V CED) siccrsss.xsicasstvasvavisvvedtsts eosysasiucsaeodans sauuesoessgnaviss alinedayasbowsenstavoeneinacandd natemndavrousseiavensioahoseeabens —50 to +50mV 
VEED (Me@aSUFEd CO: BNI) ssiscezcsciiicas-cxctesisidin eles vecsseaatsenanponectavekastotsuese0hend oudicayantacasons laatecebopuusnineapaeanteasiveceeeackiaalvivaes —7.0 to +0.5V 
AGNIDs IMIG GSLIF CTO: NID) Assctecessivsscceetevid’ccarace ce onctessuices cers tiet eins bavescuesus auvae decasipeseibdul oad uasntet nearSaiseons naslene aa tponits —0.5 to +0.5V 
Inputs a : 
CONV, FT,.D 479 (Measured to. DEN) )2 sesssccccsssssisiavesctssssdscavavadveovisnasetpiowcsnencsuebnearadateuacbipcbessiumniasntactebuontbeanansadann’s Vec +0.5 to -0.5V 
CONV, FT, Dy~12 Current, Externally Forced .......ccsssssssssssssessessssssssssssssssessessessesssssssesssssssssstesseessmesersceseessseseesseesens pS scaeeieu +3mA 
REF+, REF—, Applied Voltage (Measured to AGNO)3 ....s.ssssssssesssesssscssssesssssssssecssessssssecssssssessseesessasssssesssscescensesecssssvesssesees VEEA to +0V 
REF+, REF—, Current, Externally Forced .ou...cccscssssssscssssscssesssesssssessesssssssssssssessesssssssssecssesassssssssetssssssseseassessessssssssnsesssesseensesessess +3mA 
Outputs 
| OUT+, OUT—, Applied Voltage (Measured to AGND)2 .....s:.ssessssssecssersesssesssssesssessessusssessssssessecssecsusssnesssestssssscessesesssesseesnss —2.0 to +2.0V 
OUT OUT C uirrent, Extermally FOr eel coi iiii sick cxasoastodssisanesheuctsscvain abaleves oansctedbossancsswbsias cbelvescontsaatiesancasasbansnuandeauaaweaiaads +50mA 
Short-Circuit Duration (Single Output to GND) uo... ssssssesseesssssscssseesesssssscssscscscstscsssssessssssseessersrseesecsessscesataeenseenseseeses unlimited 
Temperature 
Operating, Ambient 
EPL ASUCG BG We CO sox tecstec vost cassstscaveteapentsnaes xacetsuseaee lec tonstaqniisatecSotsaatulscad sctapuetassuecentttavensbesnctia bs ceeaaeinarraaraeeeanieeianein —20 to +90°C 
PERRATING Pg CGE). sis 5 syed ccscccacu sues sect alas tcesgtscheanceriusisvacupaul icnsap euaeaou apecesadoaip ube esg bana atenndecd Seale eden ia eartaaneeigs —60 to +150°C 
Junction | 
OPIASUIG PACKS GA) sictacos5; acc rasdeszsacac tutes eucrass wad sian laviatesasvntpaeece tu uae aeons rasasaon a naan een a eeheaaEn ane a esi aaaNan +140°C 
RG BEAM PACK AO) ia dis ces rcisees vcr es cleceseaccass dass swnespeqsn tener save eeskaarspasestlilavacia loca ash eot benches etek iat iauldcsasSeeuicdonnbaacasiecsv bua voru tbat aoe slaeieden’ +200°C 
LG, SOMETING (10: SCO MOS) is soseseictsctevcstacasade aisdeciovncgsd ues vapovsavSiaisusaag vacausaws tenes nto outetald cate einen tales aaeraestavdeaomceanuiaaiante +300°C 
ro (01 1 [no ER PEP ROY FETT Ver Tete Py STS NTey 7 ICT On OEE ETE MNT SIRE YAP Sern iene —65 to +150°C 


Note: 1. Absolute maximum ratings are limited values applied individually while other parameters are within specified operating conditions. Functional operation 
under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating Conditions are not exceeded. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. Current is specified as conventional current flowing into the device. 
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AN: a, \m am a 
Operating conditions Ce a a 2 en 

Veo Positive Supply Voltage (Measured to Denp) 4.75 | 80 | 5.25 ba Oe a) ei V 
VEED — Negative Supply Voltage (Measured to Dgnp) | -49 | -52 | -55 | -49 | 52 | -55 | V 
VeEEA Negative Supply Voltage (Measured to AGnp) | -49 | -52 | -55 | -49] -52 | -55 | V 
VAGND Analog Ground Voltage (Measured to Dgnp) | 0.1 | 00] O1 } -01 | oo | On | V 
VEEA Negative Supply Voltage (Measured to VEFp) —20 Luray sed —20 | 0 | OY mV 
tpyL CONV Pulse Width LOW (to Meet Specification) | 20 | | | wm] | fas 
tpwL CONV Pulse Width LOW (to Optimize SFDR) | 20 | | | @] || ns 
tpwH CONV Pulse Width HIGH (to Meet Specifications) | 20 | | | o | | | os 
tpwH CONV Pulse Width HIGH (to Optimize SFDR) oe a a 2 ee ee ns 
ts Setup Time, Data to CONV (to Meet Specification) Loe ee ns 
ts Setup Time, Data to CONV (to Optimize SFDR) a ee ea ee ae ns 
tH Hold Time (to Meet Specifications) fe te, es ee ns 
tsf__ Setup Time, Data to FT [Ee aie SS Se es (eee ET 
Vi_____Input Voltage, Logic LOW ae 2 V 
VREF Reference Voltage (REF-) -1.3 oe tot = ‘3 V 
IREF Reference Current (REF+) ~ are are uA 
TA Ambient Temperature, Still Air °C 
T¢___Case Temperature Seen el eee ee * 
Notes: 1. Acommon power supply isolated with ferrite bead inductors is recommended for VEFA and VEEp. This is shown in the Typical Interface Circuits. 
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Electrical characteristics within specified operating conditions 


Temperature Range 


Parameter Test Conditions 


Standard Extended 
IEEA+IEED VEEA=VEED=Max,static . 
Ta=0 to 70°C mA 
Tac 10°C is [ 


bed 
Tg=-65t0 125°C pf mA 
aoe! 
Eo! 
= 


Ice Vec=Max, Static ° 25 mA 
Ta=0 to 70°C 
Toc 


Tc=-55 to 125°C | 35 
CRE Reference InputCapacitance =| | S| 


lo Full Scale Output Current IREF=Nominal | | 40 | mA 
NL Input Current, Logic LOW Vec, VEE=Max, Vj=0.4V | -10 | 50 f-10 | 50 | pA 
NH Input Current, Logic HIGH Vcc, VEE=Max, Vj=2.4V | -10 | 100 | -10 | 100 LA 


iM Input Current, Max Input Voltage Vcc, VEE=Max, Vj=Vcec Max | 10 =| 100 |-10 | 100 | uA 
VTH Logic Input Threshold Voltage, Typical Vec, VEE=Nom, Ta=25°C | 4.25 | 185 [1.25 | 1.55 | V 


i 
mA 
ea 
Eee 
aes 


Switching characteristics 


Temperature Range 


Parameter Test Conditions | Min | Typ | Max| Min | Typ | Max: Units 
FD___Maximum DataRate | Veea,Veep.Vec=Min ss ||_-20 | 2 | | 2 | 23 | | MHz 


to Data to OutputDelay | VEEA,VEED,Vec=Min, T=HIGH| |__| 0 

‘oF Fito OutputDelay | Veea,Veeo.Vec=Min | || =| | | © {1s 
neat a 
aaa acy 


tR Risetime 90% to 10% of FSR, FT = LOW ns 
tF Falltime 10% to 90% of FSR, FT = LOW all§ 


FT = LOW, Full-Scale Voltage 
Transition on IQyT to +0.0188% 
FSR 


= ae 
el i 
| 38 | ee 
oe ee 
ee ae ee 
tSET Settling Time, Voltage rp ye 
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System performance characteristics 


Parameter 
E_p __ Differential Linearity Error 


\ 


EL| Integral Linearity Error 

Vos __ REF+ to REF— Offset Voltage 

IB REF— Input Bias Current 

EG Absolute Gain Error 

lOF Output Offset Current - 
PSRR_ Power Supply Rejection Ratio » 
PSS Power Supply Sensitivity 

GA Peak Glitch Area 

SFDR Spurious Free Dynamic Range 


Notes: 1. 


Temperature Range 


Standard Extended 
Test Conditions | Typ | Max | Min Typ | Max | Units 

VeeA, VEEp. Vcc, IREF= Nom! +0.012 40.012 | % 
TDC1012XXY3 
TDC1012XXY2 +0.024 | | — | +024 |% 
TDC1012XXY1 40.048 | | | 40.048 | % 
VEEA, VEED. VCC, IREF= Nom! 40.024 ae 40.024 | % 
TDC1012XXY3 
TDC1012XXY2 +o | | | 0.048 1% 
TDC1012XXY1 40.048 | = | —_—| 40.048 | % 

Ho | -10_ mV 


VEEA, VEED. VCC. IREF= Nom 


VEEA, VEED, VCc= Min, 
Dy~-12=LOW 


VEEA, VEED. Vcc. IREF= Nom2 
Vcc. VEEA. VEED=4%, IREF=Nom 


E 
on 
nN 
on 
z=) 
- 
n” 
oO 
oO 


IREF=Nom, 20Msps,. dBc 
-Fout=6MHz 

Fout=Mi mel | aR 
Fout-2MH2 a 
Fout=1MHz | 7m) dBc 


OUT— connected to AGNp, OUT~ driving virtual ground. 


2. 120Hz, 600mV p-p ripple on VEE and Vcc. 
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Typical Performance Curves (Typical Settling Time Characteristics) 


A. Full-Scale Output Transition, Rising Edge B. Settling Time, Full-Scale Output, Rising Edge 
~ 0007 0.000 
Conditions Conditions 
Output Load: RL = 250 Output Load: RL = 25Q 
ae CL < 5pF = torr CL < 5pF 
iS Temp: Ambient iS Temp: Ambient 
2° Supply Voltages: Nominal S + 1/2 LSB Supply Voltages: Nominal 
rv wi 
o oOo 
5 } 5 
S For Settling Time Detail, See Plot B S 
= = 
> > 
Q. -3 
ha = 
= = 
° ° 
— 1.0060 — 002 
Ons 200ns — Ons 200ns 
TIME (ns) TIME (ns) 
21596A 
C. Full-Scale Output Transition, Falling Edge D. Settling Time, Full-Scale Output, Falling Edge 
~ 0004 ~ 1.0040 : 
Conditions Conditions 
Output Load: RL = 250 Output Load: RL = 2502 
= CL < 5pF z CL < 5pF 
is Temp: Ambient i + 1/2 LSB Temp: Ambient 
S Supply Voltages: Nominal ° Supply Voltages: Nominal 
ry i 
5 5 
° =) 
> > 
=< =< 
> = 
a. 4d. 
= E 
= > 
—) ° 
For Settling Time Detail, See Plot D 
— 1.0368 a eee ee oo — 1.0060 
Ons ~ 200ns Ons 
TIME (ns) TIME (ns) 
21597A 
E. Typical Settling Time vs. Settling Accuracy F. Typical Supply Current vs. Temperature 
*1.0 -160 
+0.5 Conditions 
ar Output Load: Ry =25 150 
= C; < 5pFQ 
D Temp: Ambient - 
1 Supply Voltages: Nominal 440 
ir 
L.. 
ie 
2. +0.1 -130 
2 g 
cc —_ 
ro) 
oe 
ii $0,024 110 
40.012 -100 aioe 
+0,010 “55 -35 “15 5 25°45 65 85 105 = 125 
5 10 15 20 25 30 TEMPERATURE °C 21349A 


FULL - SCALE SETTLING TIME (ns) 24085A 
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G. Typical Output Spectrum 20Msps 1MHz FoyT 


-— = SOAY, 
O) a ee 

Q 
=| 


START 188 KHz 


“RES BW 1 KHz 


any i! si ts i te i ‘ai WW Aid ; - PALIN a ABE URN AA tory 


* MKR A 2.970 MHz 
=i De Oe: AB 


= 
— 
7. 


yn of 


STOP 10.0800 MHz 
SWP 22 sec 


Applications Discussion 


The TDC1012 is a high performance D/A converter. To get 
the best possible performance requires careful attention to 
the details of circuit design and layout. 


Layout 


The layout of grounds in any system is an important 
design consideration. Separate analog and digital grounds 
are provided at the TDC1012. All ground pins should be 
connected to a common low-noise, low-impedance 
groundplane. This groundplane should be common for the 
~ 7TDC1012 and all of its immediate interface circuitry, which 
includes all of the reference circuitry, the output load 
circuitry, and all of the power supply decoupling 
components. 


The digital driving logic should use a separate system 
ground, and this ground should be connected to the ~ 
analog groundplane in only one place. The analog and 
digital grounds may be connected in other ways if required 
by the user's system grounding plan, however, the voltage 
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differential between the AGND and DGND pins must be 
held to within +0.1 Volts. 


The high slew-rates of digital data make capacitive 
coupling with the D/A output a potential problem. Since 
the digital signals contain high-frequency harmonics of 

the clock, as well as the signal that is being provided to 
the TDC1012, the result of data feedthrough often looks 
like harmonic distortion which degrades the Spurious-Free- 
Dynamic-Range (SFDR) performance of the D/A. Capacitive 
coupling can be minimized by keeping digital lines 
physically away from the analog output and reference. 
Another technique that can reduce capacitive data coupling 
is to use low slew rate digital drive circuits or slowing the 
driving edges with series resistors. 


Direct Digital Synthesis Applications 


For most synthesis applications, optimum signal purity Is 
obtained with the use of a balun (a simple RF transformer 
made by wrapping a few turns of wire around a ferrite 
core) as shown in Figure 5. This configuration has the 
benefit of canceling common mode distortion. An output 
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amplifier is not recommended because any amplifier will 
add distortion, which is likely to be much greater than that 
present from the outputs of the TDC1012. 


The strict adherence to at least the minimum input data 
setup and hold times is important for the realization of the 
optimal performance. Spur levels may decrease as setup 
and hold times are increased. It is possible to achieve 
even higher performance in some instances by carefully 
“tuning” the inpui data setup and noid times (stigntiy 
delaying or advancing the CONV signal in relation to 

the data) provided to the TDC1012. The Operating 
conditions table has two sets of data for ts and tH, 

one which guarantees performance of the device in most 
applications, and one, more conservative specification, 
which has been found to be optimal for DDS applications. 


The actual digital-data waveform which represents a 
sinewave contains strong harmonics of that fundamental 
frequency. This can be seen by connecting a digital data 
line to the input of a spectrum analyzer. Data feedthrough 
to the analog output of a system due to improper board 
layout or system shielding and grounding will appear as 
additional harmonic distortion, adversely affecting SFDR. 


Harmonic distortion may improve even further with 
reduced AC termination impedance values, at the expense 
of lowered output voltage. This is achieved by a balun 
used as an impedance transformer as shown in Figure 5. 


The purity of the output of the TDC1012 is greater than 
that which can be measured by many spectrum analyzers. 
The spectral plots shown in this data sheet were 
generated with an HP8568B, which has a noise floor just 
below that of the TDC1012. When making spectral 
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measurements it is important to remember that the 
TDC1012 output power is +4dBm, which is greater power 
than many analyzers are equipped to handle without 
adding distortion of their own. Accordingly, it may be 
necessary to introduce an attenuator to the input of the 
spectrum analyzer. 


The CONV signal provided to the TDC1012 must be as 

free from clock jitter as possible. Clock jitter is the random 
cycie-to-cycie variation in ciock period. CONV ciock jitter 
will effectively appear at the output as phase noise. A 
value of 10ps or less for clock jitter is recommended for 
the highest performance applications. Ordinary crystal 
oscillators are satisfactory. High-performance 
synthesizers, such as the HP8662, used to trigger a 
precision pulse generator, are also satisfactory. 


The TMC2340 direct digital synthesizer is ideal for 
generating a digital sinusoid for the D/A converter. The 
TMC2340 automatically generates a carrier frequency 
which may then be digitally phase, frequency or amplitude 
modulated. Two outputs are provided which are 90° out of 
phase (quadrature outputs). For more information on direct 
digital synthesis, and other applications of the TDC1012, 
please see application note 7P46 and AB-8 from TRW LSI 
Products. . | 


Bipolar Output 


See Figure 6 for a suggested circuit for achieving a bipolar 
output voltage range. Optimum DC linearity is obtained by 
using a differential output, either with a balun or an 
operational amplifier in the differential mode. If it is 
desired that the TDC1012 be operated in a single-ended 
fashion, the unused output should be connected directly to 
ground as is shown in Figure 7. 
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Figure 5. Typical Interface Circuit with Balum Output 
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Figure 6. Typical Interface Circuit with Differential Amplifier Output 
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Figure 7. Typical Interface Circuit with Resistive Load Output 
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Ordering Information 


Product Temperature Range Package Package 
Number Marking 
TDC1012N7CX Ta=0°C to 70°C Commercial Plastic DIP 1012N7C-X 
TDC1012N7CX Ta=0°C to 70°C Ceramic DIP 1012J7C-X 
TDC1012J7VX Tc=-55°C to 125°C MIL-STD-883 Ceramic DIP 1012J7V-X 


TDC1012R3CX Ta=0°C to 70°C Plastic Chip Carrier 1012R3C-X 
TDC1012C3VX Tc—-55°C to 125°C MIL-STD-883 Ceramic Chip Carrier 1012C3V-X 


ELD Linearity Error, Differential +0.096% (4 LSB) +0.048% (2 LSB) +0.024% (1 LSB) +0.012% (1/2 LSB) 
Ei | Linearity Error, Integral +0.096% (4 LSB) +0.048% (2 LSB) +0.048% (2 LSB) +0.024% (1 LSB) 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right to 
change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy 


TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. against all damages. 

IREF =625A, RLOAD = Z5Absolute maximum ratings are limiting values applied individually while other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating Conditions are not exceeded Applied 
voltage must be current limited to specified range.Forcing Voltage must be limited to specified range. Current is specified as conventional current flowing into the 
device. 
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Video Speed D/A Converter 
10-Bit, 20Msps 


The TDC1016 is a bipolar monolithic digital-to-analog 
converter which can convert digital data into an analog 
voltage at rates up to ZOMsps (Megasampies Per 
second). The device includes an input data register and 
Operates without an external deglitcher or amplifier. 


Operating the TDC1016 from a single —5.2V power 
supply will bias the digital inputs for ECL levels, while 
Operating from a dual +5V power supply will bias the 
digital inputs for TTL levels. 


All versions of the TDC1016 are 10-bit digital-to-analog 
converters, but are available with linearity specifications 
of either 8, 9, or 10 bits. The TDC1016 is patented 
under U.S. patent number 3283120 with other patents 
pending. 


Features 

20Msps Conversion Rate 

8, 9, Or 10-Bit Linearity 

Voltage Output, No Amplifier Required 

single Supply Operation {-5.2V, ECL Compatible} 


e Dual Supply Operation (+5.0V, TTL Compatible) 
e Internal 10-Bit Latched Data Register 
e 


Low Glitch Energy 


e Disabling Controls, Forcing Full-Scale, Zero, And 
Inverting Input Data 


e Binary Or Two's Complement Input Data Formats 
e Differential Gain=1.5%, Differential Phase = 1.0° 


Applications 

e Construction Of Video Signals From Digital Data 3x Or 
4x NTSC Or PAL Color Subcarrier Frequency 

e CRT Graphics Displays, RBG, Raster, Vector 

e Waveform Synthesis 


Functional Block Diagram 


10 TTL INPUTS 
(20 ECL INPUTS) 


TTWECL 
DIGITAL 
INPUT 
BUFFERS 


CLK 
(CLK) ——> 


NDIS 
(NDIS) 


NFL 
NFH 
N2C 
VREF 


COMP 


DATA 
LATCHES 


CURRENT 
SWITCHES 


R-2R 
RESISTOR 
Aout 


NETWORK 
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Pin Assignments 


NC 

VEE 
COMP 
VREF 
AGND 
AGND 
-AguT 

— Agnp 
Vcc 


Denp 
NDIS 


CLK 
CLK 

— NDIS” 

~_ (MSB) Dy 
(MSB) D, 
N2C 


40 Pin CERDIP — B5 Package 


24 Pin CERDIP — B7 Package 


Functional Description 


General Information 


TTL/ECL buffers are used for all digital inputs to the 
TDC1016. Logic family compatibility depends upon the 
connection of power supplies. When single power supply 
(—5.2V) operation is employed, all data, clock, and 
disable inputs are compatible with differential ECL logic 
levels. All digital inputs become compatible with TTL 
levels when dual nave supply (+5.0V) operation is 
used. 


The internal 10-bit register latches data on the rising 
edge of the clock (CLK) pulse. Currents from the current 
sources are switched accordingly and combined in the 
resistor network to give an analog output voltage. The 
magnitude of the output voltage is directly proportional 
to the magnitude of the digital input word. 


The NFL and NFH inputs can be used to simplify system 
calibration by forcing the analog output voltage to either 
its zero-scale or full-scale value. The TDC1016 can be 
operated in binary, inverse binary, two's complement, or 
inverse two.s.complement input data formats... 
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~ Power 


The TDC1016 can be operated trom a sige 5.2V_ 
power supply or from a dual +5.0V power supply. For 
single power supply operation, Vcc is connected to 
DGND and all inputs to the device become ECL 
compatible. When Vcc is tied to +5.0V, the inputs are 


TTL compatible. 


The return path for the output from the 10 current 
sources is AGNp. The current return path for the digital 
section is Denp. Denp and Agnp should be returned 
to system power supply ground by way of separate 
conductive paths to prevent digital ground noise from 
disturbing the analog circuitry of the TDC1016. All Agnp 
pins must be connected to system analog ground. 


_ Reference 


The reference input is normally set to —1.0V with 
respect to AGnp. Adjusting this voltage is equivalent to 
adjusting system gain. The temperature stability of the 
TDC1016 analog output (AgyT) depends primarily upon 
the temperature stability of the applied reference voltage. 
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Reference (cont.) 


The internal operational amplifier of the TDC1016 is 
frequency stabilized by an external 1 microfarad tantalum 
Capacitor connected between the COMP pin and Ver. A 
minimum of 1 microfarad is adequate for most appli- 
cations, but 10 microfarads or more is recommended for 
optimum performance. The negative side of this capacitor 
should be connected to V_r. 


Controls 


The NDIS inputs are used to disable the TDC1016 by 
forcing Its output to the zero-scale value (current sources 
off}. The NDIS inputs are asynchronous, active without 
regard to the CLK inputs. The other digital control inputs 
are synchronous, latched on the rising edge of the CLK 
pulse. 


The rising edge of the CLK pulse transfers data from the 
input lines to the internal 10-bit register. In TTL mode, 
the inverted inputs for CLK, DATA, and NDIS are inactive 
and should be left open. 


The Input Coding Table illustrates the function of the 
digital control inputs. A two's complement mode Is 
created by activating N2C with a logic ‘0.’ When NFH 


and NFL are both activated with a logic “0;’ the input 
data to the 10-bit register is inverted. 


Data Inputs 


Data inputs are ECL compatible when single power 
supply operation is employed. The J5 and C2 packages 
allow for differential ECL inputs while the J7 and B7 
packages have only single-ended inputs. When 
differential ECL data is used, any data input can be 
inverted simply by reversing the connections to the true 
and inverted data input pins. All inverted input pins 
should be left open if single-ended ECL or TTL modes 
are used. All data inputs have an internal 40 kOhm pull- 
up resistor to Vcc. 


Analog Output 


The analog output voltage is negative with respect to 
AGND and varies proportionally with the magnitude of 
the input data word. The output resistance at this point 
is 80 Ohms, nominally. 


No Connects 


There are several pins labeled no connect (NC) on the 
TDC1016 J5 and C2 packages, which have no 
connections to the chip. These pins should be left open. 


Package Interconnections 


Type Name 

Power 
VEE 

Controls 
NbIS 
CLK 
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oS 
corn 
(oe) 


B5 Package Pins B7 Package Pins 


6 
23 


+ 5.0V 
—5.0V 
0.0V 
0.0V 


—1.0V 
1 pF 


TTL/ECL 
C 
TTL/ECL 
ECL 
TTL/ECL 
TTL/ECL 
TTL/ECL 


m 


r— 


Rot ho], ef | a |e] eR 
NO 
> 


43 


TDC1016 ren 


Package Interconnections Cone . 


Signal Signal a 
Type Name B5 Package Pins B7 Package Pins | 
Data Inputs Data Bit 1 (MSB} mech | 8 10 
Py | ata itt (SB) [ELST SC 
a ee = 12 
Df _ 
ey << 15 
Dg eae i et | 
7 2 oe ares TTLVECh p28 16 
fo fo Fut sa asa 7 
ae ae FUE ——— 18 
2 a TTL ————— 19 
[a a aera ee | ee ee ee 
i a a (eee TTLVEGh 8 | 20 
a in Se aiaeaS FUE 21 
| Dig [Data Bit 10 (LSB) rue —— 22 
Analog Output AQUT Analog Output Voltage OV to —1V aren ee 4 


Figure 1. Timing Diagram | Figure 2. Analog Output Equivalent Circuit, 


TTL and ECL Mode 
_ | a lie tH ae Aen | 
DATA, 
CONTROLS __ ee , 
: Cd OUT 
- CLOCK - ot 800 | 
| | Aout 


ICLOCK 


INPUT DATA DEPENDENT CURRENT SINK 


OUTPUT ai 


Note: 1. Differential ECL mode only tps tseT 


VEE 


Note: 1. 7592 requires outside trim 
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Figure 3. Digital Input Equivalent Circuit, TTL Mode Figure 4. Digital Input Equivalent Circuit, ECL Mode 
Vee Voc 
(+5.0V) (0.0V) 
DGND 
DATA Q 
DATA 
DATA 
Denn © 
VEE 


VEE 


Absolute maximum ratings (beyond which the device will be damaged) | 


Supply Voltages 


V (oe IMMA SUAF OE? TD su py sce acess atthe et cats deuce dab etene aw meet snep ees calacade ne reece iio ole ett ~0.5 to +7.0V 

Meee (aS UEC TOI pan ip eect teatro attain totic ade i cr ened tage erent h oinerdie alate ae eareaaas a inten +0.5 to -7.0V 

AGnD (measured To Ocnp) Seana gaan ak 2 cece ac tt ota IN ia Mec a ten aero Sacha he at ct ee cant A he Oi acct leaded +0.5 to -0.5V 
Input Voltages 

Dugital (measured: Toss) pig ty) -ssssetcasccsezes-aseteainadsencarsecticsascasshen ht ochecettezescaneay aus’ paieaetvaneh uy ceesanee oonoasse eeraaitniriet ne earnealeehar te +7.0 to -7.0V 

Reference (measured To. Aggie) sctsceassrisus checiornasinasnnieis rela unndaumceanaialninaateamanen agaaweetads Naa ee receipes -1.5 to +0.5V 
Output 

Applied voltage: treasured : To: A ppl h sisstteasvicss es ciactensgs toi otesSiovensscet vist yuna ashi icine pnbeed ctor sdasboatndeoaNebeaaettecnr sega tigiea annie +2.0 to -2.0V2 

SORT SCI CLINE © UI AUIOED: Sc caceatesiet edocs sess ce ates cnet anc yp ecgatasa ossaniastasesssestaean 0 ov Alea Redidsst ec reattach eeits indefinite 
Temperature 

DEF eat LENE eh FIN DNS TAE sca 2e sence scents carne anetatsncieh Gy h atten Urcsar be sotage cet enced ete tlvc easecoahter toeas tones a veicocaea Naot pan sbsiene tartan actu tdaeh seas dain + 125°C 

RETA RNIN 3s casts cece daa nc neces es ce baaacetoaaaep  cees sss sen need alate ate! sat nda Tee deat east cet ON + 175°C 

Lead, soldering (10 seconds) .................. Rese acne Nae tte ce hI NE i Re a tc eS a Dre eh aaa eis od cece +300°C 

SUEY cts cess a caster hee ata ta Stra ace ts Nace a gee th Salah dhe led ech toe Sauces caaeteaae athens adic -65 to +150°C 
Notes: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range. 
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Operating conditions 


Electrical 


‘AG 


Temperature Range | : 


|. Return current from Ve¢ flows through Acyp. 
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Standard 7 
Parameter Min | Nom | Max | Min | Nom | Max | Units 
Vee Positive Supply Voltage TuMode | 475 | 50 | 5a | 450 | 50 | 550 | v 
VaGno Analog Ground Voltage (Measured to Deny) PaO 00) ap OR Oe OO en Ot V 
tp __ OK Pate Wath G8 a a a ee ae ae 
ts “Input Register Set-up Time TTL Mode Pi a a co ae ae ns 
| eel Mode =f | | CE TT id 
Vu lie“ rmumode | ogo | | 08 | ogy | | oe | 
col woe {|| | | | wv 
Ech Mode 
Coomp Compensation Capacitor LS ae ee ee ee ee uF 
Tc Case Temperature a en ie co eee 125 °C 
Note: 
1 ViyINDIS = 2.2 Min. 
characteristics within specified operating conditions 
Parameter Test Conditions | Min | Max = | Min | Max Units 
Icc Power Supply Current TTL Mode, Vee = Max, Ver = Max ek we A ao mA 
lee Power Supply Current TTL Mode, Veg = Max, Ver = Max ! aa Eee ee ey mA 
Incr Reference Input Current Veg = Max, Vppp = -1.0V 0, | uA 
| Logic “0” Input Current TTL Mode, Voc = Max, Veg = Max . ae 2 eae mA 
[Woe Vor = 80 Veg Nox] | |S 
Gy_Daital Input Cpaciance | __Ay Bital npst Ogu ——————SS«dT || iY | 
Note: | 
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Switching characteristics within specified operating conditions 


Temperature Range 
Standard 


d 


rm 
x 
—_ 
oO 
= 
Qa. 
@ 


Parameter Test Conditions 


Fe Maximum Data Rate TTL Mode Full-Scale Output Step 20 
ECL Mode Full-Scale Output Step 17.8 


tos Data Turn-on Delay RL = 75 Ohms 3 
toe, Settling Time TDC1016-8 to 0.2% | 3 


TDC1016-9 to 0.1% 


TDC1016-10 to 05% 


tay Output 10% to 90% Risetime Vee = Nom, RL = 75 Ohms, Full-Scale Step 


— | RO 
sj oOo 
co 
~ 
= 
~ 
me] 
cp) 


a 
oS 
= 
” 


aw 
on 
ao 
on on 
an 
pa 
an 


System performance characteristics within specified operating conditions 


Temperature Range 


Extended 


Parameter Test Conditions 


RES Resolution All TDC1016 Devices 


ELI, ELD Linearity Error Integral and Differential TDC1016-8 
Terminal Based TDC1016-9 


to] 
INO 
= 
in a 
ioe) 


i) 
ja] 
on 


TDC1016- 10 


Vors Full-Scale Output Voltage Ver = Nom, RL > 10 kOhms 
Veep = -1.000V 
Vazs Zero-Scale Output Voltage ; Veg = Nom, RL > 10 kOhms 


a 
—_ 
an 


Vpcr = ~1.000V 
OP Differential Phase NTSC 4x subcarrier | 
DG Differential Gain NTSC 4x subcarrier | 


GE Glitch “Energy” (Area) RL = 50 Ohms, Midscale 
GV Glitch Voltage RL = 50 Ohms, Midscale 


Note: 


Degree 
% 
pV-sec 
mV 


— 
ho 
an 
+ | 
ow - 
= 


— 
NO 
on 


1. In excess of theoretical DP and DG due to quantizing error. 
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Input Coding Table 


NDIS — 


4 1111111111 __ 
1 0000000000 —10 
1 1111111111 
1 0000000000 
0111111111 
1000000000 
1 0111111111 
1 1000000000 
“XXXXXXXXXX 0.0 
XXXXXXXXXX = 0 7 


a 


Description 
—seooa0000K | Output Disabled 


Binary (Default State for TTL 
_ Mode Control) Inputs Open 

Inverse Binary 

Two's Complement 


Inverse Two's Complement 


Force HIGH 
Force LOW 


Te For TL; 00 = < +08V is logic “0”: 
2. For TTL, +2.0< Vi < +50V is logic “1”. 
3. For ECL, -185< Vy < —1.67V is logic "0". 
4. For ECL, —1.0 < Vi. < —O8V is logic "1". 
5. X= don't care’. — 

Calibration 


The TDC1016 is calibrated by adjusting the voltage 
reference to give the desired full-scale output voltage. 
The current switches can be turned on either by loading 
the data register with full-scale data or by bringing the 
NFH input to a logic zero. Note that all 10 current 
switches are activated by the NFH input and the 
resulting full-scale output voltage will be greater than if 
the system used only eight or nine bits for full-scale 
data. 


Typical Application 


The Typical Interface Circuit (Figure 5) shows the 
TDC1016 in a typical application, reconstructing video 
Signals from digital data. Television timing signals, SYNC 
and BLANKING, are added by injecting current from the 
Wilson current source into a resistor divider circuit at the 
output of the TDC1016. 
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The TDC1016 output and currents from the SYNC and 


BLANKING inputs are summed and amplified by the 
HA2539 wide-band operational amplifier. Note the 


careful power supply decoupling at the power input pins 
of the amplifier. The output of the circuit. is a composite 


~ video signal with SYNC and BLANKING levels coming 


from external sources. This technique allows the © 


_ TDC1016 to use its entire dynamic range for the video 
information while pulses are added by other means. 


The reference for the TDC1016 is generated by dividing 
the output voltage from a two-terminal band-gap voltage 
reference. System gain is calibrated by adjusting variable 
resistor R1. Analog and digital grounds should be routed 
back to system power supply ground by separate paths. 
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TDC1016 rEg 
AAXTT 
Figure 5. Typical Interface Circuit 
. +12V 
+5V 
cl 1 i R20 wae 
12. 19 10 Z = 
a2 
" a of 
19 aie 05 
23 
= al im 0 “BLANKING” 
= R21 
TTL DATA 27 U1 j +5V Gx 
INPUTS 29 Toc Agut 
1016J5 
31 cri 
33 R4 
12V 
35 RG R7 C6 e 
37 
D10 LSB +12V 
Vee COMP Vper Agno ” R8 
5.6.8 
R11 V 
R1 “GAIN” ee 
ol : 
“OFFSET” R13 3 
R3 U2 c5 
| r ct M4 
—5V R12 patent - 
~12V 
Parts List 
Resistors Capacitors Diodes 
R1 5K 1/4W 10-turn C1 O.01piF 5OV CR1 1N4001 
R2 1K 1/4W 10-turn C2 1.0F 10V 
R3 1K T/AW 5% C3 1.OpF 10V Transistors 
R4 43 1/4W 5% C4 2.2LF 25V 
R5 33 1/4W 5% C5 0.1UF 50V 01 2N2907 
R6 330 1/4W 5% C6 2-5 pF 50V 02 2N2907 
R7 750 1/4Ww 5% C7 0.1p.F 50V 03 2N2907 
R8,R9 10 1/4W 5% C8 0.1,4F 50V 04 2N6660 
R10 75 1/4W 2% C9 0.1p.F 50V 05 2N6660 
R11,R12 10K 1/4W 5% C10 0.1L.F 5OV 
R13 220 1/4W 5% integrated Circuits 
R14,R15 100 1/4W 5% RF Chokes 
R16,R22 390 1/4W 5% L1,L2 Ferrite beads Ul TRW TDC1016 
R17,R18 2K 1/4W 10-turn U2 LM113 
R19 1K 1/4W 5% U3 HA2539 
R20,R21 1K 1/4W 5% U4 SN7404 
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Ordering Information | 
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Product Temperature Range Screening Package Package 
Number Bee eds : b ke Marking 


TDC1016B5CX STD-Tyj=0°C to70°C Commercial 40 Pin CERDIP 1016B5CX 


_ TDC1016B5AX 3 EXT-Te= —55°C to 125°C High Reliability 40 Pin CERDIP 1016B5AX 


TDC1016B7CX STD-Ta=0°C to 70°C =~ | . Commercial 24 Pin CERDIP 7 1016B7CX 
TDC1016B7AX ° EXT—Te= —55°C to 126°C. | High Reliability 24 Pin CERDIP » _  1016B7AX 


Notes: 1. Per TRW document 70201757. 


2. "X'" in part and mark number indicates grade. The TDC1016 devices are available in three grades. Grade “8” is for 8-bit linearity, grade * ‘9” for 
9-bit linearity, and grade “10° for 10-bit linearity. 


3. The TDC1016 with A screening is available in 8 or 9-bit linearity only. 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the ‘ahi to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LS! Products Inc. components in life support aeleatots assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Digital-to-Analog Converter 
8-Bit, ZOO0Mhz 


The TDC1018 Is an 8-bit digital-to-analog converter, 
designed for ZO00MHz operation and capable of directly 
driving a 75 Onm ivad iv slandaid video levels. Vast 
applications require no extra registering, buffering, or 
deglitching. Four special level controls make the device 
ideal for video applications. All data and control inputs 
are ECL compatible. 


The TDC1018 is built with TRW’s OMICRON-B™ 
1-micron bipolar process. On-chip data registers and 
precise matching of propagation delays make the 
TDC1018 inherently low-glitching. The TDC1018 offers 
high performance, low power consumption, and video 
compatibility in a 24 pin DIP or a 28 contact chip 
carrier. 


Features 


e Monolithic “Graphics-Ready” 

e 125MHz Digital Update Rate, 1DC1018 
e 200MHz Digital Update Rate, TDC1018-1 
e 8-Bit Resolution 


1/2 LSB Linearity 

Registered Data And Video Controls 
Complementary Current Outputs 

Video Controls: SYNC, BLANK, BRighT, Force High 
Inherently Low Glitch Energy 

ECL Compatible Inputs 

Multiplying Mode Capability 

Can Be Operated In TTL Systems 


Available In A 24 Pin DIP And 28 Contact Chip 
Carrier 


single —5.2V Power Supply 


Applications 


RGB Graphics 

High Resolution Video 

Raster Graphic Displays 
Digital Synthesizers 
Automated Test Equipment 
Digital Transmitters/Modulators 


Functional Block Diagram 


Di_3 to een 
CONTROL REGISTER [> Gwienes |_| 


OUT+ 
FH, BLANK LOGIC : oUT- 
BRT, 
SYNC 
REFERENCE 
PON CURRENT 
CONV, CONV >——_ SOURCE 
FT 
Veep Denp VEEA Agno REF+ REF—- COMP 51 
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Pin Assignments 


<= 
m 
mi 
o 
on anf Wh = 


24 Pin CERDIP — B7 Package 


= © + | OG 
asgi. 2 
>_> _— oOo 
OO < ao 
RSRNARS 


Dy 28 Ne 

D3 27 IREF+ 
Dy 28 IREF- 
De 1 SYNC 
Ds 2 BRIGHT © 
Dy 3 BLANK 
7 

Dg 4 FH 


28 Contact Chip Carrier — C3 Package 


Functional Description 


General Information 


The TDC1018 develops complementary analog output 
currents proportional to the product of the digital input — 
data and analog reference current. All data and control 
inputs are compatible with standard ECL logic levels. 
Feed! hrough control (FT) determines whether data and 
control inputs are synchronous or asynchronous. If FT is 
LOW, each rising edge of the CONVert clock (CONV) 
latches decoded data and control values into an internal 


D-type register. The registered values are then converted 


into the appropriate analog output by switched current 

sinks. When FT is HIGH, data and control inputs are not 
registered, and the analog output asynchronously tracks 
the input values. FT is the only asynchronous input, and 
is normally used as a DC control. 


The TDC1018 uses a segmented approach in which the: 
four MSBs of the input data are decoded into a parallel 
Thermometer’ code, which drives fifteen identical 
current sinks to produce sixteen coarse output levels. 
The LSBs of the input drive four binary-weighted current 
switches, with a total contribution of one-sixteenth of 
full-scale. The LSB and MSB currents are summed to 
provide 256 analog output levels. 
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Special control inputs, SYNC, BLANK, Force High (FH) 
and BRighT (BRT), drive appropriately weighted current 
sinks which add to the output current to produce specific 
output levels especially useful in video applications. 


Power 


To provide highest noise immunity, the TDC1018 operates 
from separate analog and digital power supplies, VEFA 
and Veep, respectively. Since the required voltage for 
both Vega and Veep is —5.2V, these may ultimately be 
connected to the same power source, but individual 
high-frequency decoupling for each supply is recom- 
mended. A typical decoupling network is shown In 
Figure 7. The return for Ipep, the current drawn from 


— the VeEp supply, is Denp. The return for IcEA is AGNp. 


All power and ground pins MUST be connected. 


Although the TDC1018 is specified for a nominal supply 
of —5.2V, operation from a +5.0V supply is possible 
provided that the relative polarities of all voltages are 


~ maintained. 


For additional information concerning the use of ECL D/A 
converters in a +5V system, refer to TRW Application 
Note TP-33 “Using the TDC1018 and TDC1034 in a 
TTL Environment.” 
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Reference 


The TDC1018 has two reference inputs: REF+ and 
REF—, which are noninverting and inverting inputs of an 
internal reference buffer amplifier. The output of this 
operational amplifier serves as a reference for the 
current sinks. The feedback loop Is internally connected 
around one of the current sinks to achieve high accuracy 
(see Figure 4). 7 


The analog output currents are proportional to the digital 
data and reference current, Infr. The full-scale output 
value may be adjusted over a limited range by varying 
the reference current. Accordingly, the stability of the 
analog output depends primarily upon the stability of the 
reference. A method of achieving a stable reference is 
shown in Figure 7. 


The reference current is fed into the REF+ input, while 
REF — is typically connected to a negative reference 
voltage through a resistor chosen to minimize input offset 
bias current effects. 


A COMPensation input (COMP), is provided for external 
compensation of the TDC1018's reference amplifier. A 
capacitor (Cc) should be connected between COMP and 
the VEEA supply, keeping lead lengths as short as 
possible. The value of the compensation capacitor deter- 
mines the effective bandwidth of the amplifier. In 
general, decreasing Cc increases bandwidth and 
decreases amplifier stability. For applications in which the 
reference is constant, Cc should be large, while smaller 
values of Cc may be chosen if dynamic modulation of 
the reference Is required. 


Controls 


The TDC1018 has four special video control inputs: 
SYNC, BLANK, Force High (FH), and BRighT (BRT), in 
addition to a clock FeedThrough control (FT). All controls 
are standard ECL level compatible, and include internal 
pulldown resistors to force unused controls to. a logic 
LOW (inactive) state. 


Typically the TDC1018 is operated in the synchronous 
mode, which assures the highest conversion rate and 
lowest spurious output noise. By asserting FI, the input 
registers are disabled, allowing data and control changes 
to asynchronously feed-through to the analog output. 
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Propagation delay from input change {control or data) to 
analog output Is minimized in the asynchronous mode of 
operation. 


In the synchronous mode, the video control inputs are 
registered by the rising edge of the CONV clock in a 
manner similar to the data inputs. The controls, like data, 
must be present at the inputs for a setup time of ts (ns| 
before, and a hold time of ty (ns) after the rising edge 
of CONV in order to be registered. In the asynchronous 
mode, the setup and hold times are irrelevant and 
minimum pulse widths HIGH and LOW become the 
limiting factor. 


Asserting the video controls produces various output 
levels which are used for frame synchronization, 
horizontal blanking, etc., as described in video system 
standards such as RS-170 and RS-343A. The effect of 
the video controls on the analog outputs is shown in 
Table 1. Special internal logic governs the interaction of 
these controls to simplify their use in video applications. 
BLANK, SYNC, and Force High override the data inputs. 
SYNC overrides all other inputs, and produces full 
negative video output. Force High drives the internal 
digital data to full-scale, giving a reference white video 
level output. The BRT control creates a “whiter than 
white’ level by adding 10% of the full-scale value to the 
present output level, and is especially useful in graphics 
displays for highlighting cursors, warning messages, or 
menus. For non-video applications, the special controls 
can be left unconnected. 


Data Inputs 


Data inputs to the TDC1018 are standard single-ended 
ECL level compatible. Internal pulldown resistors force 
unconnected data inputs to logic LOW. Input registers are 
provided for synchronous data entry and lowest 
differential data propagation delay (skew), which 
minimizes glitching. | we 


In the registered mode, valid data must be present at 
the input a setup time ts (ns) before, and a hold time ty 
(ns) after the rising edge of CONV. When FT is HIGH, 
data input is asynchronous and the input registers are 
disabled. In this case the analog output changes 


asynchronously in direct response to the input data. 
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Convert 


CONVert (CONV) is a differential ECL compatible clock 
input whose rising edge synchronizes data and control 
entry into the TDC1018. Within the constraints shown in 
Figure 2, the actual switching threshold of CONV Is 
determined by CONV. CONV may be driven single-ended 
by connecting CONV to a suitable bias voltage (Vpp). 
The bias voltage chosen will determine the switching 
threshold of CONV. However, for best performance, 
CONV must be driven differentially. This will minimize 
clock noise and power supply/output intermodulation. 
Both clock inputs must normally be connected, with 
CONV being the complement of CONV. 


Analog Outputs 


The two analog outputs of the TDC1018 are high- — 
impedance complementary current sinks which vary in . 
proportion to the input data, controls, and reference 
current values. The outputs are capable of directly driving 
a dual 75 Ohm load to standard video levels. The output 
voltage will be the product of the output current and — 
effective load impedance, and will usually be between 
OV and —1.07V in the standard configuration (see Figure 
5). In this case, the OUT— output gives a DC shifted 
video output with “‘syne down.’ The corresponding 
output from QUT+ is also DC shifted and inverted, or » 
“sync up. 


Package Interconnections 


Signal Signal 
Type Name 
Power Veena | Analog Supply Voltage 
VEED Digital Supply Voltage 
Agno | Analog Ground — 
Denp Digital Ground . 
Reference Reference Current— Input 
Reference Current+ Input 
COMP | COMPensation Input 
Controls PFT | Register FeedThrough Control 
Data Force High Control 
BLANK } Video BLANK Input 
Video BRighT Input | ECL 
SYNC Video SYNC Input 
Data Inputs oy 7 Data Bit 1 (MSB) | 
HO wt ee 
a aT 
Pe pa: 
a 
Dg | Data Bit 8 (LSB) | 
Convert CONV CONVert Clock Input 
CONV | CONVert Clock Input, Complement 
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B7 Package Pins | C3 Package Pins 
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Figure 1. Timing Diagram 


Figure 2. CONVert, CONVert Switching Levels 
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Figure 3. Equivalent Input Circuits 
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Figure 4. Equivalent Output Circuit 
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Figure 5. Standard Load Configuration 
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Absolute maximum ratings (beyond which the device may be damaged) ! 


Supply Voltages 


Npepy WWCASUE 10s Dee pey) sicssscccesssacesossrarcrice pote anebtey ey aelpasdio se sbeetvea neo ynnsvitas sania ease at nd oceeaaneet cantata ants pasteles ~7.0 to 0.5V 
Meceea (initrd £0 A angry) ssisecaesesaiacts unnsetndneevtancov iar eceseeeeapbeezeaniea caper eloegdcbdent ashen ausbecaanzeabeeduate cs eausbbestt cheba ienedostnseceeeSunetaa ~7.0 to 0.5V 
Ae Os | ee ee ee Te ae ee ee -0.5 to 0.5V 
Input Voltages 
CONV, Data, and Controls (measured to Dgpyp) .-.---ssssesesssesssssssesssssssessssssssesussssssssssesissssiassssssassssessssssssnsseesseussssisssunetessnssreensesssesssenss Veep to 0.5V 
Reference input, applied voltage ‘measured to Acnp)? 
PRE ee erecta eae tear teat ae Ra el cetacean tet es eis anleau canta eaaaiaaaas Vee, to 0.5V 
PL Sees casita acct ae aa Rs ale Sa rachel osu pannus urn na saosu ow buh od ads omig SAEs iN Vega to 0.5V 
Reference input, applied current, externally forced 3.4 
FREE bo econ csccte ccd oa cei atu asda fend ivan asud ecGuabes SHO Gace baton caribaea eee sees seduce Ae Ra adeadnaea cst tBear nedbis tonsa hese testa 6.0mA 
PREPS sales roecscctschccy coarsest Swe yi us acesantaveat oe cbe epee abos naa essed ua neds aa oat cacao einen enti sbisectganadlgnsap iim geoceatags aarstoncidinasietdSiaa 0.5mA 
Output 
Analog output, applied voltage (measured to Aryp) 
OUTS es azcpcetsecsce coca sensed cna ceead ec car tscaca esate caecum nna niet Sacra saved aaa edt lelee cae eens essen -2.0 to +2.0V 
UT assoc aes acheeceencccaaeeac accent ins ted tectasua tesa Sct sedate cnc ctl claen Ceseacced ab asec end cached ea sea adaia thai de oasceataabos eoctelat -2.0 to +2.0V 
Analog output, applied current, externally forced 34 
1 Re pene ma eer SEER SE Ua RRC RD FSC Prd BGA POC UR SET em a eT eo EE I Te ee 50mA 
OT eee ccc cage ete eae a stash ctte cece tea ceeac haar Etat caalea ececites cect Boca en nae ean te ceaeeecncc cent aeace hss thcncasbe ate aid oanlavia ecto oa te sgiteataat 50mA 
SSUSOUE ACHE GENT: SEULUF EIEN ID saasiveaasaczssiszsaacswasnscd acd sbvacesal sceuten usps sasosyaahvse cosh vaste Wemsvs cy conesvvatonnsas ceed avert ses eSead evap avaciev a Nowautacdecl a ceacieasi a aeeetecyaeme ae Unlimited sec 
Temperature 
YOON UMN EA SAITMBDUESIN Ecce esos ose dessa vcs chee ssn scm ches Sef ebay hc ncaa cnabea i ph noBaca ex acacia haNneeeaneaaSe -60 to +140°C 
QRAIVEE THORN: ca52 cs worinvcacucvencansb vaseasscksnbchce quia esascebewaaautoiseastnec taxes deszepetenceececiatatyadee Cake Ob aah Dood ch ths acai cand iucrem tense dees Si ekaackaaseoaeeeonee aes +175°C 
Lepea » SOUGOR NINE) (10: SEB ONS) secre lacs dicts ee caes caste edad ete Ra ca cet Sees aTivcae de cect ccnse ids ecCSOA alata dase Seana cca +300°C 
SSURDI EAD 2a tac cane eid esc Osh cleanest De casos e laces egos ecocaSec va scans cece aca cara cea aso ah cisttale tet d oer oR eamre te Beco es -60 to +150°C 
Notes: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
4 Current is specified as conventional current when flowing into the device. 
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Operating conditions > a 4 | bd 
Temperature Range 
a. 3 a ~ Standard 
Veen Aral Su Voto inessued to Agyay | _——=SCS~dCS «| tk] 
Vago Ang Ground Voge reasued to Ogu (| SSC iT TCC 
- Vicm CONV Input Voltage, Common Mode Range (Figure 2) ee ee ed ee V 
IREF Reference Current Video standard output levels | 1.059 1.171 mA 
Note: | 
1, Minimum and Maximum values allowed by +5% variation given in RS343A and RS170 after initial gain correction of device. 
Electrical characteristics within specified operating conditions 
Temperature Range 
____ Standard 
Parameter Test Conditions | Min | Max | Units 
lecatleep Supply Current | Veen = Veep - MAX, static! 
Ty = O°C to 70°C 170 mA 
a ee 
Oper ___—Emivlet Input Capactance, REF, REF || 
V Compliance Voltage, + Output -1.2 +15 V 
OCP 
lop Max Current, + Output Vega = NOM, SYNC = BLANK = 0, FH = BRT = 1 as mA 
lon Max Current, - Output Veen = NOM, SYNC = 1 ee ee 
Nit Input Current, Logic LOW, Data and Controls Veep = MAX, V; = -1.49V of 200 LA 
ly Input Current, Logic HIGH, Data and Controls | Veen = MAX, V) = -1.045V | 200A 
lic Input Current, Convert Veep = MAX, -1.49V< Vj< -1.045V P| BD ua 
Note: 
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1. Worst case over all data and contro! states. 
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Switching characteristics within specified operating conditions 


Temperature Range 


Standard 
Parameter Test Conditions | Min | Max | Units 
Fe Maximum Data Rate Veen, Veep = MIN Lok | 
TDC1018 125 MSPS 
TDC1018-1 20 | ‘| MSPS 
tnsc Clock to Output Delay, Clocked Mode Veeq. Veen = MIN, FT = fo - ns 
tosT Data to Output Delay, Transparent Mode Veen: Veep = MIN, FT = 1 ee ae ns 
tg) Current Settling Time, Clocked Mode Veea, Veep = MIN, FT = 0 
| ts 
ea (ae eee Fr 
tal__Fisetime, Curent | Wh to 90% of Gray Sele fT 


System performance characteristics within specified operating conditions 


Temperature Range | 
Standard 


Parameter Test Conditions Units 


% of Gray Scale 
% of Gray Scale 


Ey; Linearity Error Integral, Terminal Based} Vera, Veep. ppp = NOM 
Eip _ Linearity Error Differential Veen: Veep, Ree = NOM 


o|o 
INO} BNO 


—! 
[om) 


log Output Offset Current Veen, Veep = MAX, SYNC = BLANK LA 


Ec Absolute Gain Error Veen Veep = MIN, Ipce = NOM % of Gray Scale 


fe 
TCg Gain Error Tempco Po +0.024 % of Gray Scale/°C 


BWR Reference Bandwidth, -3dB Co = MIN, AVper = ImV p-p a ie Se MHz 
DP Differential Phase 4 x NTSC fh | Degrees 


DG Differential Gain 4 x NTSC rE. 

PSRR Power Supply Rejection Ratio Veen, Veep, Irer - NOM! aa 45 dB 
Veen, Veep. Inee = NOM2 aaa i: dB 

PSS Power Supply Sensitivity Veen Veep. rep = NOM ae 120 PAN 

Gc Peak Glitch Charge Registered Mode®:* | | fCoulomb 

G Peak Glitch Current Registered Mode ee I ee | mA 

Ge Peak Glitch “Energy” (Area) Registered Mode 4 Pf pV-Sec 

FT Feedthrough Data Clock = Constant° pf HO dB 


1. 20KHz, +0.3V ripple superimposed on Vera, Veep; dB relative to full gray scale. 

2. BUHz, +0.3V ripple superimposed on Vera, Vern; dB relative to full gray scale. 

3. fCoulombs = microamps x nanoseconds 

4 37.52 load. Because glitches tend to be symmetric, average glitch area approaches zero. 
9. GB relative to full gray scale, 2o50MHz bandwidth limit. 
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Table 1 Video Control Truth Table 


= Pate T Out- (mA)! | Qut- (Vv)? Out- = Description 4 
28.57 -1.071 Sync Level 
20.83 ~0.781 Blank Level 

0 


Enhanced High Level 
Normal High Level 
Normal Low Level 


Normal High Level 
Enhanced Low Level 


Enhanced High Level 


Qut+ is complementary to Out-. Current is specified as conventional current when flowing into the device. 
Voltage produced when driving the standard load configuration (37.5 Ohms}. See Figure 5. 

140 IRE units = 1.00V. 

RS ~343-A tolerance on all contro! values is assumed. 


Figure 6. Video Output Waveforms for Out- and Out+ with Standard Load Configuration 
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Figure 7. Typical Interface Circuit Parts List 


MsB Integrated Circuits 


U1 1TDC1018 D/A Converter 


a Of LO 
— . 08 03 +-@) : Voltage References 
b7 02 (1) aie 
LSB Ove nL) : a VR1 LM113 or LM313 Bandgap Reference 
c2 ee 
vtza | a Calas 
~5.2V Veep 1 Inductors 
ty | : ; 
wi TAW | L1 Ferrite Bead Shield Inductor 
: ; ! Fair-Rite P/N 2743001112 or Similar 
CONVert CONV 
CONVert im a COMP | L__._.___J Resistors 
D REF To ee ee a 
i — oe T = ECL TERMINATION Rt = =1KQ Pot 10 Turn 
OH tx fe te R2 1.00KQ 1/8W 1% Metal Film 
REF - . 
VIDED (1) BLANK sc LG a Si | R3. 2.00KQ 1/8W 1% Metal Film 
(ECL On Li 2 > UM3I R4 1.00KQ 1/83W 1% Metal Film 
—5.2V 
Capacitors 


Ci-C3 OlpF 50V Ceramic Disc 
Ce 0.0inF 50V Ceramic Disc 


~— STD-Ta=0°C to 70°C Commercial 24 Pin CERDIP 

STD—Ty=0°C to 70°C Commercial 24 Pin CERDIP 
STD—Ty=0°C to 70°C Commercial 28 Contact Chip Carrier 
STD-Tpj=0°C to 70°C Commercial 28 Contact Chip Carrier 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under pafent rights of TRW Inc. or others. 


Ordering Information 


Product 
Number 


TDC1018B7C 
TDC1018B7C1 


TDC1018C3C 
TDC1018C3C1 


Package 
Marking 


1018B7C 
1018B7C1 


1018C3C 
1018C3C1 


Life Support Policy — TRW LSI Products Inc. components are not designed for use tn life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI! Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LS! Products Inc. against all damages. 
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Digital-to-Analog Converter 
4-Bit, 200MHz 
The TRW TDC1034 is a 4-bit D/A converter, designed e Power Supply Noise Rejection >50dB 


for 200MHz operation and is capable of directly driving a Registered Data And Video Controls 
75 Ohm load to standard video ieveis. Most applications 


require no extra registering, buffering, or deglitching. uel een pumas 
Three special level controls make the device ideal for ° Video Controls: SYNC, BLANK, BRighT 
video applications. All data and control inputs are ECL e Low Glitch Energy 


compatible. ECL Compatible, Can Be Used In TTL Systems 


The TDC1034 is built with TRW's OMICRON-B™ pa ema coe 

1-micron bipolar process. On-chip data registers and * Available In An 18 Pin CERDIP Package 
precise matching of propagation delays insure low glitch  ® Single —5.2V Power Supply 

energy. The TDC1034 offers high performance, low oes 

power consumption, and video compatibility in an 18 pin Applications 


CERDIP package. e CAD/CAM Workstations 
Features RGB Graphics | 
: Raster Scan Displays 
e Digital Synthesizers 
e Automated Test Equipment 
e Digital Transmitters/Modulators 


e "Graphics-Ready’”’ 
e 200MHz Conversion Rate 
e 1/8 LSB Linearity — 


Functional Block Diagram 


Di_4 
— CURRENT Eo OUT+ 
BLANK, SWITCHES oUT- 
BRT, 
SYNC 
REFERENCE 
CURRENT 
CONV, CONV SOURCE 
Veep Veep VEEA Veca REF+ REF- COMP 
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Pin Assignments 


D3 1 Do 
(LSB) Dg 2 D, (MSB) 
Veep 3 VEEA 
CONV 4 OUT+ 
CONV 5 ouT- 
Veco 6 VccA 
BLANK 7 _ COMP 
BRT 8 REF+ 
SYNC 9 REF- 


18 Pin CERDIP — B8 Package 


Functional Description 


General Information 


The TDC1034 develops complementary analog output 
currents proportional to the product of the digital input 
data and analog reference current. All data and control 
inputs are compatible with standard ECL logic levels. 
Each rising edge of the CONVert clock (CONV) latches 
data and control values into an internal D-type register. 
The registered values are then converted: into an analog 
output by switched current sinks. 


The TDC1034 uses a segmented circuit design scheme in 
which the input data is. decoded into a parallel 
“Thermometer” code, which drives fifteen identical 
current sinks to produce sixteen output levels. 


Special control inputs, SYNC, BLANK and BRighT (BRT), 


drive appropriately weighted current sinks which add to. 


the output current to produce specific output levels 
especially useful in video applications. : , 


Power 


from separate analog and digital power supplies, VEEA 
and Veep, respectively. Since the required voltage for 
both VeeA and VeFp is —95.2V, these may ultimately be 
connected to the same power source, but high-frequency 
decoupling for each supply is recommended. A typical 
decoupling network is shown in Figure 7. The return for 
lEED, the current drawn from the VEEp supply, is Vccp. 
The return for Ieeaq is Veca. All Vee and Vcc pins 
MUST be connected. 
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Although the TDC1034 is specified for a nominal supply 
of —5.2V, operation from a +5.0V supply is possible 
provided that the relative polarities of all voltages are 
correctly maintained. For additional information 
concerning the use of ECL D/A converters ina +5V- 
system, refer to TRW Application Note TP-33 “Using — 
the TDC1018 and TDC1034 in a TTL Environment.” 


Reference 


The TDC1034 has two reference inputs: REF+ and 
REF—, which are noninverting and inverting inputs to an 
internal reference buffer amplifier. The output of this 
operational amplifier serves as a reference for the 
current sinks. The feedback loop is internally connected 
around one of the current sinks to achieve high accuracy 
(see Figure 4). 


The analog output currents are proportional to the digital 
data and reference current, IpFr. The full-scale output 
value may be adjusted over a limited range by varying 
the reference current. Accordingly, the stability of the 
analog output depends primarily upon the stability of the 
reference. A method of achieving a stable reference is — 
shown in Figure 7. 


The reference current flows into the REF+ input, while 
REF— Is typically connected to a negative reference 
voltage through a resistor chosen to minimize input offset 


~~ current effects. 


A COMPensation input (COMP), is provided for external 
compensation of the TDC1034's reference amplifier. A 
capacitor (Cc) should be connected between COMP and 
the VeFA supply, keeping lead lengths as short as 
possible. The value of the compensation capacitor 
determines the effective bandwidth of the amplifier. In 


. general, decreasing Cc increases bandwidth and 
| | - - decreases amplifier stability. For applications in which the 
To provide highest noise immunity, the TDC1034 operates - 


reference is constant, C¢ should be large, while smaller 
values of Cc may be chosen when dynamic modulation 
of the reference is required. 


Controls 


The TDC1034 has three special video control inputs: 
SYNC, BLANK and BRighT (BRT). All controls are 
standard ECL level compatible, and include internal 
pulldown resistors to force unused controls to a logic 
LOW (inactive) state. 
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Controls (cont.) 


The video control inputs are registered by the rising edge Valid data must be present at the input a setup time ts 
of the CONV clock in a manner similar to the data before, and a hold time ty after the rising edge of 
inputs. These inputs, like data, must be valid for a setup CONV. 

time of ts before, and a hold time of ty after the rising 

edge of CONV in order to be registered. Convert 


CONVert (CONV) is a differential ECL compatible clock 


levels which are used for frame synchronization, input whose rising edge synchronizes data and control 
SAR ea be eat atieeeas ate aie oor 4ce3 entrv into the TDC1034. Within the constraints shown in 
norizontal bianking, eic., as described in video system 


Figure 2, the actual switching threshold of CONV is 
standards such as RS-170 and RS-343A. The effect of ; ; 
the video controls on the analog outputs Is shown In determined by CUNY. CONV may be driven single-ended 


Table 1. \nternal logic governs the interaction of these “i oe oe 10"2 ae bias ange eB 
controls to simplify their use in video applications. See ee eee ee ene 
BLANK and SYNC override the data inputs. SYNC pts of CONV. Hea Cee! eee 

overrides all other inputs, and produces full-scale output, CONV must be driven differentially. This will minimize 
The BRT control creates a ‘whiter than white” level by clock noise and power supply/output intermodulation. 


adding 10% of the full-scale value to the present output Both clock inputs must normally be connected. 
level, and is especially useful in graphics display for 
highlighting cursors, warning messages, or menus. For 


Asserting the video controls produces various output 


Analog Outputs 


non-video applications, these controls may be left The two analog outputs of the TDC1034 are high 

unconnected. impedance complementary current sinks which vary in 
proportion to the input data, controls, and reference 

Data Inputs current values. The outputs are capable of directly driving 


dual 75 Ohm loads to standard video levels. The output 
voltage is the product of the output current and effective 
load impedance, and is usually between OV and —1.07V 
in the standard configuration (see Figure 5). In this 
case, the OUT— output gives a DC shifted video output 
with “sync down.” The corresponding output from QUT+ 
is also DC shifted and inverted, or ‘‘sync up.’ 


Data inputs to the TDC1034 are standard single-ended 
ECL compatible. Internal pulldown resistors force 
unconnected data inputs to logic LOW. Input registers are 
provided for synchronous data entry and lowest 
differential data propagation delay (skew), which 
minimizes glitching. 
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Package Interconnections 


_ Signal | Signal 
Type Name 
VEED Digital Supply Voltage 
Voca | Analog Supply Voltage 
Reference | _ Reference Current— Input Op-Amp ‘Virtual Ground 
Reference Current+ Input Op-Amp Virtual. Ground 
-1 comp | COMPensation Input 7 
Controls | BLANK | ~ Video BLANK Input 
BRT | Video BRighT Input - ECL 
SYNC Video SYNC Input | ECL 
Data Inputs = | —~D; ~—— | _Data Bit 1 (MSB) ECL 
Pu ei ee 
ee EOL 
ee er 
Convert CONV CONVert Clock Input _ 
CONV CONVert Clock Input, Complement ECL. - 
Analog Outputs 


B8 Package Pins . 


ol 


15 


Figure 1. Timing Diagram 
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Figure 2. CONV, CONV Switching Levels 


0.0V 
Ts MIN 
aN 
SS 
‘\ 
»~ \ CONV 


. ae 
7 
Vicm MAX — — — — — — — -- CONV 


Figure 3. Equivalent Input Circuit 
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Figure 4. Equivalent Output Circuit 
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Figure 5. Standard Load Configuration 
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Absolute maximum ratings (beyond which the device may be damaged) ! 


Supply Voltages 
Veen (measured to Vac) enevssecoreeenteneeumcessrsesnsenesensenenassssaretarensateeerennrssnrtmurttetenenetatentanetanteteaterarerarerenemunttnsuttteanaeennarennenoaessnaereentt -7.0 to 0.5V 
Vega (measured to Voc) sscssssssesescssnsssseeessensssssseenssseesteiuneeseenstesuetsnetinetasetanetnnesmnensenenseetnnsesanesessearisensnustnieesssoassennasesnsnnseateen ~7.0 to 0.5V 
VEEA (measured to Veep) Sicae. ch suse adictheu cdo vudeaebts tsa wa siuagea vaeasesusizsencshsbteabtivswuenupsubmubietopuased dase a tossacovexceptosbostiaotus eeaucaucaatann asin aanaucttig suassaataanseounrete -0.5 to 0.5V 
Veca (measured to Veep) osrssssssssssesssessssssesssesssesssesteesteueeasseesssmsersesnarenastanenenanrsneennereasensneansssinastsasssuitnansssesssossranesnesttat -0.5 to 0.5V 
Input Voltages 
CONV, Data, and Controls (measured to Very) -vweessesreeseeeseeeseeeesnneemeeesseenreeneetneeeenetanenntetneeetentnsettneseneesnerianstanenantenasesasateanertanttia 
Reference input, applied voltage (measured to Vocal? 
FA" “qhccaitadaclvctss costa cccducccuasvaassgvsecescneseabaasacasnc ares oda vous sebnnsa wuss saaeie te oct ceed skate npbcepaemascbulossas aslatustaeaatecusaatctasse taxa teens stauaphensazssysctactedvencedtiagyate 
PR rac catechins a Sp c atc Bcd sacus casa osu age uD Nea de bispn seer oaulgn onan yRanneAg CaaS 
Reference input, applied current, externally forced®:* 
PREFS cascdestaca ish chesthaechseutececasaia acta bea ucts cbteceetpacb ease cuentas tases manasa dpsvctoseuevaaee betas toca peace ceueeceagh ceeded ceca mecha cd aca Saas deck ate ctan ventas 6.0mA 
PREF 5 suse aasisicsts conch cessp en Sop ivis cv oacuvinsn oa ceasala saeco Dine teusureesse rc aa eochivedevaccactent aba soads ecsoaectaesoeama ecisens detinucda apenas xenon ema Meandeuseeds Moana Manns 0.5mA 
Output 
Analog output, applied voltage (measured to Vora) 
IT ocd pases tae acee ascites cae seasah ate acess hesauenl uc bcatascedem meee Naas toca eet betes mea ciecusany eae tannin acme: -2.0 to +2.0V 
a] SY a oe ee eRe Te Ee ER TOTO Eno InS PS este OE NTERE Ser PRET T TeSPRMSES OR RR eS IE RICE ee oR OAT DTTP Re ote Nr ene Sa -2.0 to +2.0V 
Analog output, applied current, externally forced?4 
OUST spasesasececes fend cash etchant caepn aac cee ses co occa vee ea cee cc eelGuac bea cae cov cede ook aoe cae atte Tabac? 50mA 
COUT safest cs 5s esse anaes sess can bv lca sscalaecnddecseceouo sada sevaoelscucanedacsactoaotecenondic adem tapandapacho wes achanenecsenaesiuae 5OmA 
SSHUODEC:CHPCAE UIE ANON each St acetate tt ea Dh tata pad nsacant aaa tandnanaaiodw acc nmena dlaleaaranotsisteonTe Unlimited sec 
Temperature 
Operating, ambient Sa ct laa ara gag ct ee Doe nce inemnasteaa tate -60 to +140°C 
DUATUC ENON cece ccsestd sacs ocecrse cele cada clciec dh cedencithassauslesesaveboch seeds tsetse twa omuknscu cove ul aeah ts cancel fasiaseassueltsGpelaoned ts badueva aatessunsanteraaitees +175°C 
Lesa, SONMe Nir) (10): SOCORS) 5 <incsst-tesschs2..dsesstaceasesqsssmatnescatndeasineSur0t de Aud aceousasscaveuasisavcodecislscec ces bastnscsozs cxviseaunsthaasemocaSastaedaxuss aia hel ahetebtsce cere cactapedeuteunsite +300°C 
GlOlGd Beatle pstet en estate en inca te Sate te ae Antal ET ee ee ee RR Ee nT Oe ITT -60 to +150°C 
Notes: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range. 
Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current when flowing into the device. 
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Dw i 7 | | A 
Operating conditions SF te 
Temperature Range 
Standard 
Veep Digital Supply Voltage (measured to Vero) | a5 | -52 | 55 V 
VEEA Analog Supply Voltage (measured to Vera) | 475 | -520 | -55 | V 
Veca-Yecp Supply Voltage Differential | or | oo | eo V 
Veca-Verp Supply Voltage Differential | -O1 | 00 OT V 
Viem CONV Input Voltage, Common Mode Range (Figure 2) | os | | 28 | V 
VIDE CONV Input Voltage, Differential (Figure 2) | 038 |] V 
pwn CONV Pas With, FG ee 
ts Setup Time, Data and Controls a a ns 
ty Hold Time, Data and Controls a ee 
Iner Reference Current i nk 
Video standard output levels! 1.17 mA 
Obit Inearity Fee ee ee ie 
Cc Compensation Capacitor 1000 2700 i pF 
Ta Ambient Temperature, Still Air Poo | | wm °C 
Note: 1. Minimum and Maximum values allowed by +5% variation given in RS343A and RS170 after intitial gain correction of device. 
Electrical characteristics within specified operating conditions 
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Parameter 


IEEAt cep 


CREF 
C 

Voce 
Vocn 


Supply Current 


Equivalent Input Capacitance, REF+, REF- 
Input Capacitance, Data and Controls 


Compliance Voltage, + Output 
Compliance Voltage, - Output 


Equivalent Output Resistance 
Equivalent Output Capacitance 


Max Current, + Output 
Max Current, - Output 


Input Current, Logic LOW, Data and Controls 
Input Current, Logic HIGH, Data and Controls 


Temperature Range 


Test Conditions 


VEEA = Veep = Max, static | 
Ty = O°C to 70°C 


i 

7 —— 
a DF 
es 0 
eNO 0736 EK 
ee ee eB 
ee ee 
rr 
poe os To 
eae 
Veep = Max, Vj = -1.49V | | wa 
Veep = Max, Vj) = -1.045V | | 200 uA 
VEED = Max, -25 < Vi < -05 rT UA 


Input Current, Convert 


1. Worst case over all data and contro! states. 
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Switching characteristics within specified operating conditions 


Temperature Range 
Standard 
Parameter Test Conditions 


ing¢_ Glock to Ouput Oa 
tg) Current Settling Time, Clocked Mode 


System performance characteristics within specified operating conditions 


nN 
S 
= 
[Fp] 
ml 
i?) 


0 


= 
” 


2 


E 
—] 
a 


Temperature Range 
Standard 


Parameter Test Conditions Units 


Ey Linearity Error Integral, Terminal Based Vera, Veep. Iper = Nom Pf oo | % of Gray Scale 
Eip Linearity Error Differential Veen, Veep. Iper = Nom pf OB % of Gray Scale 


lor Output Offset Current Veea Veep = Max, SYNC = BLANK =0,8RT= 1) =| 1 | qa 
EG Absolute Gain Error Veen, Veep = Min | Pf lg % of Gray Scale 


TC Gain Error Tempco % of Gray Scale/°C 


BWR Reference Bandwidth, -3dB Co - Min, Veer = ImV p-p ee 


PSRR Power Supply Rejection Ratio Veea, Veep. 'per = Nom! 


G. 
wo 


Veew Veo 'aer = Nom? a ee 
PSS Power Supply Sensitivity Veea Veep. Irep = Nom a a ae uAN 
Ge Peak Glitch Charge? || 800 tCoulomt 
G, Peak Glitch Current aa a ae mA 
Ge Peak Glitch “Energy” (Area) 4 Pf pV-Sec | 
FT¢ Feedthrough Clock ® Data = Constant BW = 250MHz a ea dB 

BW = S0MHe ae Ee ee: 

Fly ‘Feedthrough Data® CONV = Constant BW = 250MHz ee a: 
Notes: 


1. 20KHz, 0.75V p-p ripple superimposed on Vera, Veep, dB relative to full gray scale. 

2. BOHz, 0./5V p-p ripple superimposed on Vee, Veep; dB relative to full gray scale. 

3. fCoulombs = microamps x nanoseconds. 

4. 37.5Q load. Because glitches tend to be symmetric, average glitch energy approaches 7er0. 
5. dB relative to full gray scale. 
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Table 1 Video Control Truth Table 


Description 4 


1° Sync Level 
o.? Blank Level 
0 Normal Low Level 
0 Normal High Level 
0 Enhanced Low Level 
0 Enhanced High Level 
Notes: 

1. Qut+ is complementary to Cut-. Current is specified as conventional current when flowing into the device. 

2. Voltage prodisns when driving the standard load PcoMgurati (37.9 Ohms to Veca). See Figure 5. 

3. 140 IRE units = 1.00V. 

4. 


RS -343-A tolerance on. all control values is assumed. 


Figure 6. Video Output Waveform for Out— and Standard Load oe 


IRE! 


BRIGHT 
110 0 — 


NORMAL HIGH (WHITE) 


16 “GRAY LEVELS” 


NORMAL LOW (BLACK) 
75 -728 


Oo -781 


-40 -1071 


“Note: 1. Output voltage is measured with standard load connected between Qut- and Veca. 


Figure 7. Typical Interface Circuit 


eer -5.2V 
VIDEO 7) oe FERRITE 
DATA BEAD 
(ECL) @) Li INDUCTOR 
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LSB =) 
03 
0.1 aap ee ow a 
Pviveo 7 
mn | MONITOR 
7 715.Q | | 
c2 O ff} | 
01 COAX | 
ae 75. Q. | RY 
| 75 Q | 
CONVert | " 
CONVert | | 
L == OE a | 
Ry 
O00 2 = ECL TERMINATION 
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conTns © Pee Be ace 
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STD—T,j =0°C to 70°C 18 Pin CERDIP 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Ordering Information 


Product 
Number 


TDC1034B8C 


Package 
Marking 


1034B8C 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 


component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
sich Hise and indemnifias TRW ISI Products Ine against all damages 
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TDC1041 Monolithic Digital To Analog Converter 


10 Bit, 20Msps, 12ns Settling Time 


The TDC1041 is a TTL compatible, 10-bit monolithic D/A 
converter capable of converting digital data into an analog 
current ar voltage at data rates in excess of 20 Mega- 
samples-per second (Msps). 


The analog circuitry has been optimized for dynamic 
performance, with very low glitch energy. The output Is 
able to drive a 50Q load with a 1 Volt output level while 
maintaining low harmonic distortion. 


Data registers are incorporated on the TDC1041. This 
eliminates data skew encountered with external registers 
and latches and minimizes the glitches that can adversely 
affect many applications. 


Interface Diagram 


D, (MSB) 
Dp 
Ds 
Dy 
Ds 
Dg 
D7 
Dg 
Dg 


TDC1041 


CONV VEEA 


TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 


REF+ REF- COMP Acnp Denp Voc 


Features 


e 10-Bit Resolution 

e 20 Msps Data Rate 

© TTL Inputs B 
e Very Low-Glitch With No Track And Hold Circuit Needed 


e Dual +4dBm (1V Into 5002) Outputs Make Output 
_ Amplifiers Unnecessary In Many Applications 


Applications 


Test Signal Generation 
Arbitrary Waveform Synthesis 
Broadcast And Studio Video 
High-Resolution A/D Converters 


OUT+ — 


VEED 


24078A 
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TDC1041 ren 
Functional Block Diagram 
REF+ , 
memmce[_, > seueyrrerere ae 
AMPLIFIER S iE | we ee, 3 
REF- : 2 
COMP | 
oe 63 UNIFORMLY WEIGHTED 
D, (MSB) ie Cp MSB CURRENT SWITCHES 
2D ie ena 
63 ; 
lee ee oo 
Dy > 
Ds > | | 
ae /-< Ti jaoe as 
CONV hs — OUT: 
4 CURRENT : 
1 SWITCH ARRAY 
Oe i ™ 
Dy > a: 
| ee 
coke 
2038 ifseenes oe 


— Pin Assignments 


24080A 


- 28 Leaded Plastic Chip Carrier — R3 Package 
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ee. Sey CURBENT CAT 
LSB CURRENT SWITCHES 21137B 


Functional Description 
General Description 


The TDC1041 consists of five major circuit sections: the 
LSB data register, the MSB decode block, the decoded 
MSB register, the current switch array, and the reference 
amplifier. All data bits are registered just before the 
current switches to minimize the temporal skew that would 
generate glitches. | 


Power, Grounds 


The TDC1041 requires a —5.2V power supply and a +5.0V 
power supply. The analog (VEFA) and digital (VEFD) supply 
voltages should be decoupled from each other, as shown in 
the Typical Interface Circuit. The Vcc pin should be 
considered a digital power supply. The 0.1pF decoupling 
Capacitors should be placed as close as possible to the 
power pins. The inductors are simple ferrite beads and are 


neither critical in value nor always required. 
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Reference and Compensation 


The TDC1041 has two reference inputs: REF+ and REF— 
These are the inverting and noninverting inputs of the 
internal reference amplifier. An externally generated 
reference voltage is applied to the REF- pin. Current flows 
into the REF+ pin through an external current setting 
resistor (RREF). This current is the reference current (IRFF) 
which serves as an internal reference for the current 
source array: The output current for an input code N from 
OUT+ is related to IRFF through the following relationship: 


IREF 
IniT=Nx —— 
OUT 7m 


Where N ts the value of the input code. 


This means that with an IRFF that is nominally 625uA, the 
full-scale output is 40mA, which will drive a 50Q load in 
parallel with a 50@2 transmission line (25Q total load) with 
a 1V peak to peak signal. The impedance seen by the REF— 
and REF+ pins should be approximately equal so that the 
effect of amplifier input bias current is minimized. When 
driving a 75Q load, the reference current must be reduced. 
This can be done by increasing the value of the resistor 
from REF+ to ground. 


The internal reference amplifier is externally compensated 
to ensure stability. A 0.1uF capacitor should be connected 
between the COMP pin and VEE A. 


Digital Inputs 


The data inputs are TTL compatible. One of the effects that 
leads to degradation of the dynamic performance of the 
device is the capacitive feedthrough from the digital inputs 
to the analog output of the device. One method of reducing 
the effect of capacitive coupling is to slow down the slew 
rates of the digital inputs. This can be done in many ways, 
starting with the selection of a logic family that is no faster 
than what is needed, and can include the addition of 50Q 
series resistors to the data lines. 
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Clock and Feedthrough Control 


The TDC1041 requires a TTL clock signal (CONV). Data is 
synchronously entered on the rising edge of CONV. The 
CONV input is ignored in the Feedthrough (FT = HIGH) 
mode. The Feedthrough (FT) pin is normally held LOW, 
where the TDC1041 operates in a clocked mode (the output 
changes only after a clock rising edge). An internal pull- 
down resistor is provided, and this pin may be left open for 
clocked operation. 


For certain applications, such as high-precision successive 
approximation A/D converters, throughput delay may be 
more important than glitch performance. In these cases, 
the FT pin may be brought HIGH, which makes the input 
registers transparent. This allows the analog output to 
change immediately and asynchronously in response to the 
digital inputs. 


Since skew in the bits of the input word will result in 
glitches, and will affect settling time, it is recommended 
that the TDC1041 be operated in clocked mode for most 
applications. 


Analog Outputs 


Two simultaneous and complementary analog outputs are 
provided. Both of these outputs are full-power current 
sources. By loading the current source outputs with a 
resistive load, they may be used as voltage outputs. OUT+ 
provides a 0 to —40mA output current (0 to -1V when 
terminated in 25Q) as the input code varies from 

00 0000 0000 to 11 1111 1111. OUT— varies ina 
complementary manner from —40 to OmA (—1 to OV when 
terminated with 25) over the same code range. (See the 
Input Coding Table.) The output current is proportional to 
the reference current and the input code. 


No Connect 


These pins have no internal connection and should be left 
open for optimal performance. 


7 


Package intrcamnactions ; 


Signal. Sanat °° Function R3 Package 
Type | Name BOEe 4 , Pins - 
Power AGND ‘Analog Ground | 2B 
DGND Digital Ground i 
VEEA Analog Supply Voltage Z 
VEED Digital Supply Voltage 5 
VEED Digital Supply Voltage 26 
Reference Reference Voltage Input 2 
_ Reference Current Input 54h 3 
COMP Compensation Capacitor 4 
Data puts = (MSB) Most lamineant Bit 24 
: 2 
ee 22 
Ey Se (ee eed Bred ners ae 
OD ICO 1 | SOG 
a ee 19 
access Py a te a 
rs ee 1 
ee eae (a aS Ee | eee 
Dio (LSB) Least Significant Bit 9 
Feedthrough —— Feedthrough Mode Control i ie 28 
Convert CONV Convert (Clock) Input | om 27 
Analog cre Analog Output 0 to 40mA 14 
Analog Output 40 to OmA 15 
~No Connect se No Internal Connection “head | 10,11,12,16,18,25 
Input Coding Table’ 
Input Data 
MSB_ LSB OUT+ (mA) VouT+(mV) OUT- (mA) Vout—(mV) - 
00 0000 0000 —1000.00 
00 0000 0001 -998.05 
00 0000 0010 ~998.05 
0111111111 500.00 
1000 0000 00 —499.03 
1111 111101 —998.05 —1.95 
1111 1111 10 ~999.03 —0.97 
1111111111 - ~1000.00 0.0 
Note: 1. IREF= 625A, RiQAD = 25Q 
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Figure 1. Timing Diagram 


INPUT 
(D4.42) 


‘pw >< ‘ewe 


FT 
toc ‘DF | 
ov e ~ 7 
1LSB 1LSB 
+1/2 LSB 
OUT - 
1LSB 
+1/2 LSB 
tseT tseT | 240778 


Figure 2. Equivalent Reference and Output Circuits 


CONVERT, FT & DATA (D . 49) 


A 
Voc GND 
VEED REF 
INPUT REF+ 
770 
4.3V 
Denp 
DVREF REFERENCE 
SEGMENT 
SWITCH 


v 
VEED EEA 


21139A 
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Figure 3. Simplified Reference and Output Circuits Figure 4. Output Test Load 
CURRENT CURRENT 
SINK #1 SINK #N . 
ee ee © OUT + TEST LOAD: 
3 TT our 
REFERENCE REFERENCE i + TO- 
AMPLIFIER CURRENT 8 OUT - Seca 
Seece oe esos L. C. Rp 
<5pF 250 
21346A 
a : VEEA 
COMP | 213454 
Absolute maximum ratings (beyond which the device may be damaged)! 
Supply Voltages 
Vcc CME ASUPE, COD SAS Gi) aicteseadetacsdasacavsailutchsoceietarscbssenssihatitoneatindaten Oeasleleaimn a cidade ainiaaaluaa aa anadnodurunnaasia —0.5 to +7.0V 
VEEA UUTVE A SUNE LG! COPA INI BD) aise sacessedsctnaictvsesaxcdk aed et conctabesh ita tev ar huaearteasemnaia a ame teetnctn sae aah ibe eae aonnES -7.0 to +0.5V 
VEEA WME ASUT EDO: VEE) ) ai,uhdadiccrurcsanavecaeen ma aeaieaadenaenld nines een eatin SiiAeeieaaaetaaeeceabe ads: —50 to +50mV 
VEED PITUEA SUE CTO) IG ID Hacesatsapoeacessze tec iativas axce cnet bias sdectaorsndee ean paved eh aoa natis oe Haden aaah aadeetlon cea iatceeradeas —7.0 to +0.5V 
AGND MIG ASE CEG: TD (ON Oh) easaecdpaucescastitasraecsistacecoucgsctacdysaxapaclecuseud etc dicasianioet cant euseae inca ae ale eta —0.5 to +0.5V 
Inputs . 
GONV.FI Bazi otmeasuredito DEN) 4 siitinsidintet wcnthaes Sie Anite eate, ea etait Vcc +0.5 to -0.5V 
CONV, FT, Dy-19 Current, externally forceds o.....cessesssssssesssesssesssssssessssesssssseessesssesssesens bes Natal a coats taasteta ts aipaibiatete seats dane ORIEL 
REF+, REF-,applied voltage 
(MBaSuTed tO AGN D2 seennlmcinccuen nae cemaaentndtee scammed earls uaa intents VEEA to +0.5V 
REF G REP-clirrents externally (0fCOUS cc cect ace cee tusiciete te lassect tac talaete genet tater act aN uence neti are tat tlicg, pal lta Fed +3mA 
Outputs 
OUT+, OUT-, applied voltage: 
CASES ECL TOPS (PUI) rca tnc wa codctocsancsnc fia ceanati ua vache stds let tap sede Drania ayes Seiten ONE we -2.0 to +2.0V 
OWT OUT=; Current, ercternally Tor COs: si. ississtcetacclesssiesacuviedasscesecsasnseauicl oeevediaevtapsyradevakeeied aoe atl thane Oia RS atm +50mA 
Short-circuit duration (single OUtPUt tO GND) uu. eecescssssescssescssescessscessscesesesscsesssscscsssscssssesssecssscssesceeesasseesssscscesesearesssesassessenses unlimited 
Temperature 
Operating, ambient . 
CP EVSERE ST. CACO) eisassnncysapscee tees ccatceg ctu cece tu tan siete cite atle ecdaxdtacic hs vatai da octds siveny Sp onkch vena phased eo eae aaceleauasequauloaaaet ~20 to +90°C 
"ECOL EITIIG Pai AGO) sesecscsccadessctecte s25 caves cCovnadnbscattcnte es tsseeey scones tude aot basse tte centctsatassnen eeiaidus core dicaab isi Sio masse seasons —60 to +150°C 
Junction 
tosit PLASTIC ACK AGO) sci atuicecasvsirceacon cen teva ca dbvealrexas ev Nate ess sup ceeaonsuwsbdaah uy fuaataie aid sb eh cqtinten teaddeane en gues saneeda aadene uvtensrebeaaa +140°C 
WG EY INI PACK Gia testes teat cecal eases laa netic taeda Peseaaaseuesto due eines erd esha eleaet aa ecelasdi ce last uk teae iia teagan batebsneeaiuay +200°C 
EG ad SOIMEFING CEO SOC OOS ) eis ccsovieasigehietsaccksevsesxsin ude otcessusa cents 0 peebn srt nase Sn 84a sd atoavc nies pu cava ta ata oans eas ieee idea alee daa tes doused +300°C 
SOUS asset atea ste ccs cca nus tei a caste ae ccee a ote salad ives tho stedhiad ws odd cas eles dusAesrc cation cen inane edie nt eda ee eel aban tatos Od —65 to +150°C 


Notes: 1. Absolute maximum ratings are limiting values applied individually while other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating Conditions are not 
exceeded. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. Current is specified as conventional current flowing into the device. 
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Operating conditions 


Temperature Range 
Standard 
Vcc Positive Supply Voltage (Measured to DGNp) 4.75 | 508 V 
VEED Negative Supply Voltage (Measured to DGnp) | 6-49 | 2] V 


VEEA Negative Supply Voltage (measured to AGND) ee ee V 
VAGND Analog Ground Voltage (Measured toDgnp) | -01 | 00 | 01 | V 


VEEA Negative Supply Voltage (Measured to Veg)! -20 0 20 mV 
tPWL CONV Pulse Width LOW (to Meet Specification) a ns 
tPWH CONV Pulse Width HIGH (to Meet Specifications) — ae ae ns 
ts Setup Time, Data to CONV (to Meet Specification) a ae ae ns 
tH Hold Time (to Meet Specifications) a rr re ns 
SF Setup Time, Data to FT poets 
VIL Input Voltage, Logic LOW a ee ee ee 
VREF___Reference Voltage (REF-) ee ae ee 
UF 


TA Ambient Temperature, Still Air a Se ee Se ae °C 


Note: 1. Acommon power supply isolated with ferrite bead inductors is recommended for VEEA and VEEp. This is shown in the Typical Interface Circuit. 


Electrical characteristics within specified operating conditions 


Temperature Range 
Standard 


Parameter Test Conditions | Min =| Max | Units 


lIEEA+IEED VEEA=VEED=Max, static . mA 
Ta=0 to 70°C | 


Icc Vcc=Max, Static mA 
Ta=0 to 70°C 


nN 
ons) 
= 

LP 


TA=70°C 


CREF Reference Input Capacitance 
Cj Digital Input Capacitance 


Voc Compliance Voltage 


Ro Output Resistance 2 kQ 
Co Output Capacitance 45 pF 
lo Full-Scale Output Current IREF=Nominal mA 
HL Input Current, Logic LOW Vcc, VeEE=Max , Vj=0.4V 
WH Input Current, Logic HIGH Vcc, VEE=Max, V|=2.4V 


iM Input Current, Max Input Voltage Vcc, VEE=Max, Vj=Vec Max 
VTH Logic Input Threshold Voltage,Typical Vcc. VEE=Nom, Ta=25°C 


ws 


NO 
— on 
<= 


5 


o1 


a eee 
NS 


ao 


1.2 
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Switching characteristics Mite ane A 


Temperature Range 


SFDR Spurious Free Dynamic Range IREF=Nom, 20 Msps, 
10MHz bandwidth 
Foyt=6MHz 


_. Parameter. | Cry ~ © Test Conditions | Min | Typ | Max © - Units 
Fo___MaximumData Rete | ‘Vea, Veep. Vecmin | 20 || M 
(D0 Clock to OutputDelay | VEEA,VeeD.Vcc-Min,FT-low |_| ——s«d| st) | ns 
tpD Data to Output Delay VEEA, VEED, Vec=Min, FT=HIGH pa ns 
(DF FT to Output Delay __ns 

OR Risetime | 90% to 1% ofFSRFT=LOW =| | | ts 
ifs Falitime | 10% to 90% OFFSRFT=LOW =| | | ts 
tSET Settling Time, Voltage FT=LOW, Full-Scale Voltage — 20 30 ns 
transition on IQyT to +0.0188%FSR it 
System performance characteristics 
_ Temperature Range 
Standard 
Parameter | Test Conditions | Min | Typ | Units 
ELD Differential Linearity Error. VEEA, VEED, IREF = Nom! et Aes | 
| TDC1041 +0.1 % 
— TDC1041-1 Pf 0,085 % 
EL| Integral Linearity Error ~~" | Vee, VEED, IREF = Nom! a a 
. TDC1041 +0.1 % 
| TDC1041-1 ee ee ee 
VS REFrtoREF-Offset voltage | tt mV 
ig ___REF-InputBias Curent | ————=SS~dTSCs*dT SSC‘ 
EG Absolute Gain Error _ | VecA.VeeD.Vcc.IReF=Nom | -5 | | 5 
lof __—_ Output Offset Current | Vega, VEED.Vec=Min,Dy-10-LOW] -8 | | 8A 
PSRR Power Supply Rejection Ratio VEEA, VEED, Vcc. REF= Nom2 a ee dB 
PSS Power Supply Sensitivity Vcc, VEEA, VEED=4%, IREF= Nom a ee uA/V 
GA Peak Glitch Area eee nt te ee el 5 | 45 pV-sec 


| nN 
© 


fae 
ee 
eat 


Note: 1. GUT connected to AGND. OUT— driving virtual ground. 
2. 120Hz, 0.6Vp-p ripple on VEEA and Verp. GB relative to 0.6Vp-p ripple input. 
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Applications Information 


There are three major D/A architectures: segmented, 
weighted current sources, and R-2R. In segmented there 

is one current source for each possible output level. The 
Current sources are equally weighted and for an input code 
of N, N current sources are turned on. An N bit segmented 
D/A has 2N current sources. A weighted current source 

D/A has one current source for each bit of input with a binary 
weighting for the current sources. In an R-2R D/A, there is 
one current source per bit, and a resistor network which 
scales the current sources to have a binary weighting. 


When transitioning from a code of 0111111111 to 
100000000000, both the R-2R D/A and Binary weighted 
D/A are turning some current sources on while turning 
others off. lf the timing 1s not perfect, there is a moment 
where all current sources are either on or off, resulting in 
a glitch. In a segmented architecture, 511 of the current 
sources remain on, and one more is turned on to increment 
the output no possibility of a glitch. 


The TDC1041 uses a hybrid architecture with the 6 MSBs 
segmented, and the 4 LSBs from a R-2R network. The result 
is a converter which has very low-glitch energy, and a 
moderate die size. 


Layout, Power and Grounding 


The layout of grounds in any system Is an important 
design consideration. Separate analog and digital grounds 
are provided at the 1DC1041. All ground pins should be 
connected to a common low-noise, low-impedance 
groundplane. This groundplane should be common for the 
TDC1041 and all of its immediate interface circuitry, which 
includes all of the reference circuitry, the output load 
Circuitry, and all of the power supply decoupling 
components. 


The digital driving logic should use a separate system 
ground, and this ground should be connected (typically 
through a ferrite bead inductor) to the analog groundplane 
in only one place. The analog and digital grounds may be 
connected in other ways If required by the user's system 
grounding plan, however, the voltage differential between 
the AGND and Dgnp pins must be held to within +0.1 
Volts. 


Direct Digital Synthesis Applications 


There are many factors that can influence the system 
performance of a direct digital synthesizer. The following 
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comments are directed at getting the best possible 
performance from the TDC1041, as measured by Spurrious 
Free Dynamic Range (SFDR). 


The termination of the output pins has an effect on DAC 
performance. For most synthesis applications, optimum 
signal purity is obtained with the use of a balun (a simple 
RF transformer made by wrapping a few turns of wire 
around a ferrite core). This configuration has the benefit 


of cancelling common made distortion. 


Harmonic distortion may improve even further with reduced 
AC termination impedance values, at the expense of 
lowered output voltage. 


An output amplifier is not recommended because any 
amplifier will add extra distortion of its own, which Is 
likely to be much greater than that present from the direct 
outputs of the TDC1041. | 


One detrimental effect in DAC performance is capacitive 
coupling of the digital data into the output terminal. The 
actual digital-data waveform which represents a sine wave 
contains strong harmonics of that sine wave. This can be 
seen by connecting a digital data line to the input of an 
analog spectrum analyzer. Therefore data feedthrough to 
the analog output of a system due to improper board 
layout or system shielding and grounding will appear as 
additional harmonic distortion, adversely affecting SFDR. 


The strict adherence to at least the minimum input data 
setup and hold times is important for the realization of the 
optimal performance. Spur levels may decrease as setup 
and hold times are increased. It is possible to achieve even 
higher performance in some instances by carefully “tuning” 
the input data setup and hold times (slightly delaying or 
advancing the CONV signal in relation to the data) fed to 
the TDC1041. The Operating conditions table has two 
sets of data for ts and tH, one which guarantees 
performance of the device in most applications, and one, 
more conservative specification which has been found to 
be optimal for DDS applications. 


The purity of the output of the TDC1041 is greater than that 
which can be measured by many spectrum analyzers. The 
spectral plots shown in this data sheet were generated 
with an HP8568B, which has a noise floor barely below 
that of the TDC1041, once the TDC1041 performance has 
been optimized. When making spectral measurements It Is 
important to remember that the [DC1041 output power Is 
+4dBm, which is greater power than many analyzers are 


TDC1041 


7 mtyvy 


equipped to handle without adding distortion of their own. 
Accordingly, it may be necessary to introduce an attenuator 
to the input of the spectrum analyzer to see the true DAC 
performance. 

Output Termination | 

The recommended output termination is 25Q. This can be 
provided by placing a 50Q source resistor between the 
output pin and ground, then driving a 50Q transmission — 
line. With this load, the output voltage range of the 
converter is 0 to —1.0V. If a load is capacitively coupled to 
the TDC1041, it is recommended that a 25Q load at DC, 

as seen by the TDC1041, continue to be maintained. The 
output voltage should be kept within the output compliance 
voltage range, Voc, as specified in the Electrical 
Characteristics table, or the accuracy may be impaired. — 


— Optimum DC linearity is obtained by using a differential 
output either with a balun, or an operational amplifier in 
the differential mode. If it is desired that the TDC1041 be 
operated in a single ended fashion, the unused output 


should be connected directly to ground as is shown in 
Figure 5. The CONV signal provided to the TDC 1041 

must be as free from clock jitter as possible. Clock jitter 
is the random cycle-to- cycle variation in clock period. 
CONV clock jitter will effectively appear at the output as 
phase noise. A value of 10ps or less for clock jitter is 


‘recommended for the highest performance applications. 


Ordinary crystal oscillators are satisfactory. High- 
performance synthesizers, such as the HP8662, used to 
trigger a precision pulse generator, are also satisfactory, 
although not as jitter free as a crystal oscillator. 


Driving a 75Q Transmission line 
The TDC1041 has been optimized to operate with a 


reference current of 625A. Significantly increasing or 
decreasing this current may degrade the performance of 
the device. If it is desired that the device drive a 37.5Q 
load (75Q source termination driving 75Q transmission | 
line) rather than the 25Q suggested load, then VRFF should 
be held at 1V and IRFF reduced to 417pA. This will result in 
a 1V p-p voltage being generated at the DAC output. 
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Figure 5. Typical Interface Circuit 
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Ordering Information 


Product Number 


TDC1041R3C 
TDC1041R3C1 


Package Marking 


Ta=0°C to 70°C ) Commercial Plastic Chip Carrier 1041R3C 
Ta=0°C to 70°C Commercial 1041R3C1 


Plastic Chip Carrier 
All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right to 


change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy 


TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. against all damages. 


Absolute maximum ratings are limiting values applied individually while other parameters are within specified operating conditions. Functional operation under any of 
these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating Conditions are not exceeded. Applied voltage must be current 
limited to specified range. Forcing voltage must be limited to specified range. Current is specified as conventional current flowing into the device. 
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Monolithic D/A Converter Features 

12-Bit, 50Msps ° 12-Bit Resolution 

12ns Settling Time to 0.1%, 70dB SFDR ~—* 50Msps Data Rate 
e ECL Inputs 


The TDC1112 is an ECL compatibie, 12-bit monolithic D/A . Very Low Glitch — No Track And Hold Circuit Needed 
converter capable of converting digital data into an 


analog current at data rates in excess of 50Msps ° fpr ee ee ae oe 
(MegaSample Per Second). V ¥ APP 


e 70dB Typical Spurious-Free-Dynamic-Range 
The analog performance has been optimized for dynamic © Available Compliant To MIL-STD-883C 
performance, with very low glitch energy. The output is ee 
able to drive a 50Q load with 1V outputs while keeping Applications 
a spurious-free-dynamic range greater than 7OdB. 


Direct Digital RF Signal Generation 


Data registers are incorporated on the chip. This ¢ Test Signal Generation 
eliminates the temporal data skew encountered with e Arbitrary Waveform Synthesis 
external registers and latches and minimizes the glitches e Broadcast And Studio Video 


that can adversely affect many applications. © High-Resolution A/D Converters 


Interface Diagram 


REF+ REF- COMP Agnn ODgnp 
D, (MSB) 


Do 
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Functional Block Diagram 
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24 Pin Hermetic Ceramic DIP — J7 Package 
24 Pin Plastic DIP — N7 raehege | 


28 Contact Chip Carrier — C3 Package 
28 Leaded Plastic Chip Carrier — R3 Package 
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Functional Description 


General Information 


The TDC1112 consists of five major circuit sections: the digital signals contain high-frequency harmonics of the 
LSB data register, the MSB decode block, the decoded clock, as well as the signal that is being provided to the 
MSB register, the current switch array, and the reference DAC, the result of data feedthrough often looks like 
amplifier. All data bits are registered just before the harmonic distortion which degrades the Spurious-Free- 
current switches to minimize the temporal skew that Dynamic-Range (SFDR) performance of the D/A. 
would generate glitches. 

The layout of grounds in any system is an important 
There are three major D/A architectures: thermometer design consideration. Separate analog and digital grounds Gm 
code segmentation, weighted current sources, and are provided at the 1DC1112. All ground pins should be 
R—2R. In thermometer code segmentation there is one —- connected to a common low-noise, low-impedance 
Current source for each possible output level. The current groundplane. This groundplane should be common for the 
sources are equally weighted and for an input code of TDC1112 and all of its immediate interface circuitry, 
N, N current sources are turned on. An N bit segmented which includes all of the reference circuitry, the output 
D/A has 2N current sources. A weighted current source load circuitry, and all of the power supply decoupling 
D/A has one current source for each bit of input with a components. 
binary weighting for the current sources. In an R—2R 
D/A, there Is one current source per bit, and a resistor The digital driving logic should use a separate system 


network which scales the current sources to have a ground, and this ground should be connected (typically 
binary weighting. through a ferrite bead inductor) to the analog ground- 

| plane in only one place. The analog and digital grounds 
When transitioning from a code of 011111111111 to may be connected in other ways if required by the user's 
100000000000, both the R—2R D/A and binary system grounding plan, however, the voltage differential 


weighted D/A are turning some current sources on while between the Acnp and Dgnp pins must be held to 
turning others off. If the timing is not perfect, there isa within +0.1V. 

moment where all current sources are either on or off, 

resulting in a glitch. In a segmented architecture, 2047 Reference 


of the current sources remain on, and one more Is 
turned on to increment the output-no possibility of a The TDC1112 has two reference inputs: REF+ and 
REF—. These are the inverting and noninverting inputs of 


glitch. the internal reference amplifier. An externally generated 
The TDC1112 uses a hybrid architecture with the 6 | eae age qe pe - pie a ey 
MSBs segmented, and the 6 LSBs from a R—2R eee ee ee ee 


setting resistor (RREF). This current is the reference 
current (IReF) which serves as an.internal reference for 
the current source array. The output current for an input 
code N from QUT+ Is related to IRFF through the 
following relationship: 


network. The result is a converter which has very low 
glitch energy, and a moderate die size. 


Power, Grounds, and Layout 


The TDC1112 requires a single —5.2V power supply. The 


analog (VEgA) and digital (VEEp) supply voltages should lout (Input Code N)=N x |REF 

be decoupled from each other, as shown in the /ypical | 

Interface Circuits, to provide the highest noise immunity. 

The 0.1nF decoupling capacitors should be placed as This means that with an Iperf that is nominally 625pA, 

close as possible to the power pins. The inductors are the full scale output is 40mA, which will drive a-50Q 

simple ferrite beads and are neither critical in value nor —_load in parallel with a 50Q transmission line (25 load 

always required. total) with a 1V peak-to-peak signal. The impedance 
seen by the REF— and REF+ pins should be approxi- 

The high slew-rates of digital data make capacitive mately equal so that the effect of amplifier input bias 


coupling with the D/A output a real problem. Since the current is minimized. 
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Reference (cont.) 


The TDC1112 has been optimized to operate with a 
reference current of 625A. Significantly increasing or 
decreasing this current may degrade the performance of 
the device. The minimum and maximum values. for VpeF 
and IpeF are. listed in the Operating Conditions Table. 


The internal reference amplifier i IS ‘externally compensated 
to assure stability. To compensate this amplifier, a 0.1pF 
capacitor should be connected between the COMP pin 
and Vega. The amplifier has been optimized to minimize. 


~~ the TDC1112 settling time, and as-a result should be 


considered a. DC amplifier. Performance of the TDC1112. 
operating in a mune D/A mode is not guaranteed. 


A typical interface circuit that includes a stable, 
adjustable reference circuit. is shown in Figures 9a-c. 


Digital Inputs 


The data inputs are single-ended ECL compatible. The 
TDC1112 is specified with two sets of setup and hold 
times. One of these pairs of specifications guarantees the 
performance of the TDC1112 to specifications listed in 
the minimum and maximum columns of the System 
Performance Characteristics Table. The second more 
rigid specification is recommended for applications where 
lowest possible glitch and highest SFDR are desired. The 
more stringent ts and ty insure that the data will not be 
slewing during times critical to the TDC1112, and will 
hence minimize the effects of capacitively coupled data 
feedthrough and optimize SFDR performance. Another 
method reducing the effect of capacitive coupling is to 
slow down the slew rates of the digital inputs. This has 
been done in the circuit shown in Figures 9a-c by the 
addition of 50 series resistors to the data qe 


Clock and Feedthrough Control 


The TDC1112 requires an ECL clock signal (CONVert and 
CONVert}. Even though complementary operation is 
preferred, a single-ended signal may be used if either 
unused CONV input is biased at a DC voltage midway 
between the active inputs Vjy and Vi levels. 


Data is synchronously entered on the rising edge of 
CONV (the falling edge of CONV). The CONV input is 
ignored in the Feedthrough (FT=HIGH) mode. 


The Feedthrough (FT pin is normally held LOW, in which 
case the TDC1112 operates in a clocked mode (the 


90 


output changes only after a clock rising edge). An — 
internal pull-down resistor is provided, and this pin may 
be left open for clocked operation. For certain appli- 


— cations, such as high-precision successive approximation 


A/D converters, speed may be more important then 
glitch performance. In these cases, the FT pin may be 
brought HIGH, which makes the input registers trans- 
parent. This allows the analog output to change 
immediately and asynchronous in response to the digital 
input, without the need for a clock. + 


since skew in the bits of the input word will result in | 
glitches, and may affect settling time, it is recommended 


_ that the TDC1112 be operated in clocked mode for most 


applications. 


Analog Outputs a 


Two simultaneous and complementary analog outputs are 


provided. Both of these outputs are full-power current | 
sources. By loading the current source outputs with a 
resistive load, they may be used as voltage outputs. 
OUT+ provides a 0 to —40mA output current (0 to 
—1V when terminated in 25Q) as the input code varies 
from 0000 0000 0000 to 1111 1111 1111. OUT— varies’ 
in a complementary manner from —40 to OmA (—1 to- 
OV when terminated with 250) over the same code ~ 
range. (See the Output Coding Table.) The output 


Current is proportional to the reference current and the 


input code. 


The recommended output termination is 25. This can | 
be provided by placing a 50Q source resistor between 
the output pin and ground, then driving a 500 trans- — 
mission line. With this load, the output voltage range of | 
the converter is 0 to —1.0V. If a load is capacitively 
coupled to the TDC1112, it is recommended that a 25 
load at DC, as seen by the TDC1112, continue to be 
maintained. The output voltage should be kept within the 
Output compliance voltage range, Voc, as specified in —— 
the Electrical Characteristics Table, or the peeve) 
may be impaired. | 


See Figure 9b for a suggested circuit for achieving a 


— bipolar output voltage range. Optimum DC linearity is 


obtained by using a differential output either with a 
balun, or an operational amplifier in the differential 

mode. If it is desired that the TDC1112 be operated in a 
single ended fashion, the unused output should be : 
connected directly to ground as is shown in Figure 9c. .. 
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Package Interconnections 


Signal Signal 


Type Name J7, N7 Package Pins | C3, R3 Package Pins 


—5.2V 
—5.2V 


Analog Supply Voltage 
Digital Supply Voltage 
Analog Ground 
Digital Ground 


Power VEEA 


VEED 
AGND 


RO 
on 


co 
—_— 


o}1|o 
o|o 
<|< 


—1.0V 
—0.625mA 
0.1nF, See Text 


EC 


Reference REF — 
REF + 
COMP 


Data Input D, (MSB) 


Reference Voltage Input 
Reference Current Output 
Compensation Capacitor 


RO 
S&S 
> | Go |] BO 


I 


Most Significant Bit Input 


oO 


oO O jo) CO 

za 

OC 
tT 
o> 
‘— 

_— — — —_} — NO NOT — 
~ o1 ~ CO} Rte] _ o1 

RO 
— 


m 
©) 
rm 
ow 
NO 
w 


m m 
7) -p) 
— cr 
oO No 
nN No 
Co NO 


Mm) mi mm 
fm) roy ry 
RO} BRO 
oOo 
~] oO 


‘P) 
re 


m 
‘p) 
— 


Dy (LSB) 
Feedthrough FT 


Convert (Clock) | CONV 
CONV 


Least Significant Bit Input E 
Feedthrough Mode Control ECL 


— 


Mm 
io) 
— 


Convert (Clock) Input 
Convert (Clock) Input 


m 
Cc 
— 


0 to —40mA 
—40 to OmA 


Analog Output | OUT+ 
OUT- 


Analog Qutput 
Analog Output 


TRW LSI Products Inc. 91 


TDC1112 Tyr 


Output Coding Table ' 


Input Data = D449 OUT+ (mA) VouT+ (mV) OUT— (mA) VouT— (mV) 
MSB | /LSB | | aes ee oe | 
0000 0000 0000 | 7 | — 1000.00 
0000 0000 0001 — 999.75 
0000 0000 - 0010 — 999.52 
e e 
. e 
e e@ 
0111 11411911 ~500.12 
1000 0000 . 0000 — 499.88 
e ; e 
e@ e 
. e : e e 
141410-1111—«1101 — 999.52 ~0.49 
1111, 1111 :1110 — 999.75 — 0.24 
114100 1911«21111 — 1000.00 0.00 
Note: ip lace =625pA, ROAD = 202. 
Figure 1. Timing Diagram 
‘s 'y tsp tHE 
INPUT DATA 
(Dy_42) 
CONV 
(PIN 16) 
FT | 
(PIN 17) 
‘pp 
t 
ov ace 
+% LSB 
ouT- 
(PIN 7) 
1 LSB 
-W — mi 


tSET +% LSB tSET 
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Figure 2a. Equivalent Input Circuit (Data and FT) 


INPUT 


21343A 21344A 


Figure 3. Equivalent Reference and Output Circuits 
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Figure 4. Standard Test Load 


TEST LOAD: 0.0V 
OUT + 0T0-1V VicM MIN 
OUT - 
C Ry 
<5pF 250) 
a NN TT I EE Eo 1 3V 
21346A CONV 
Se CONV 
21347A 
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Absolute maximum ratings (beyond which the device may be damaged) - 


94 


‘Supply Voltages 


Vee, (measured to fi Stee Reese tatetircemsatins oleae cagasaveesre ate ; Bet salina rae tenant ccbecchlo ame —7.0 to +0.5V 
- Veena (Measured tO V cea) sccipeinreaiaetisnniianen Ie acate dee krcorasdo acta ene erate es —50 to +50mV 
Veep measured 10D ei). vitesse vers cnctcuenissconistpidarei acon cpmtancvunrielenmasminntriiacndauaca: beatae araioagen —7.0 to +0.5V 
Agnp (measured to Dep yp) -v-ssesesseseeneeeee een err ui cote carmen Teta lenmiceaths —0.5 to +0.5V 
Inputs | | 
Applied voltage | . | 
CONV, CONV, FT, Dy_79 (measured to Degg) 2 --vecssosssesccssesssecseresseeteteesesestesetestiesteseseetsessnseeesatsn Veep to +0.0V 
REE, REP iipeasiiied 10 Ae ili satasentes ches hab aa ia uteet nate aes maleate a tacmereeneeane Vegato +0.0V 
Applied current 
REF+, REF-—, externally forced (measured to Acnp) 3,4 vie etl ST RES ROE Bs ee Nee ate ae .. £3mA 
DSU Gal MA US cca dete cares tant, Shaanti chances faustus he xaos ncaa teu te ltecc cect baat aaiostlasRU ah dnnotnennen ae eldaeeie tone +3mA 
Outputs : | 
Applied voltage Ee 
OUT+, OUT— (measured to Ano RAEI N rena NTE GR MI RRR —2.0 to +2.0V 
Applied current 
OUT+, OUT—, externally forced. meant tO Aga) 20 eessssseeeressseen Cee ieee ities On Wer OP ies re ee RTT we See +50mA 
Short-circuit duration (single output to GND) ......... bh euatey sustiadecuid estan bats ee rare Biba dal Gene ican ane aes ttaear cena, Unlimited 
Temperature ¢ a | , | 
Operating, ambient (plastic package) ............... Ast oeseabtel aaa ch acetaceasle Coden, cca ayaa a sidcnenane cies itsonen —20 to +90°C 
_. (ceramic package) ........ Santis guides eect orien ene ee tay toca atone ROSANA —60 to +150°C 
junction (plastic: Package) -sissaccscccivsssecsssdivsisssdecessbsserseesvontaloussonraleersianss Hct hs aden ce le Ne chat Tce Deh + 140°C 
[Grane PaGKAde) snweki cmon nn co ceavattnensealaa aaimisine Siete stds ib eelbcnaie denchessl +200°C 
BOGGS UEBING, (Ue SECONOS) > -tanssessscievenuiacusrsunessetirctuludivyavt Bionessncaandegel Aaasiatass psi tetacaeotncantss sens aeiuaial a reisatationen autitaes . +300°C 
SON AGG: zctx Rarszneacelndendaddiniaatigidistaandiied sesenceeesouesessaneseasnssssnenneesssnassesessenesnssanen seitaeleterieiteceaatectttinss —65 to + 150°C 
Notes: 1. Absolute maximum ratings are imiting values applied individually while all other parameters ¢ are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating | 
Conditions are not exceeded. : 


2. Applied voltage must be current limited to ecie range. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 
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Operating conditions 


Parameter 


. Ca a 
—_— i 
Vega Analog Supply Voltage (measured to Agnp) } 49 | -52 | -55 | 

Veeq _ Analog Supply Voltage (measured to Veep)! | -20 | 0.0 | +20 -20 | 00 | +20 | mv 
Veep Distal Supply Voltage (measured to Dgyp ae eae v 


VAGND Analog Ground Voltage (measured to Dgnp) | -O1 | 00 | | 0.0 | 
IREF Reference Current, REF + | 0.550 | 0.625 | 0.700 | 0.575 | 0.625 0.675 | mA 
Vin Digital Input Voltage, Logic HIGH Be ee ee V 


ts Input Data Setup Time 2 24 24 ns 
ty Input Data Hold Time ns 
ty Input Data Hold Time 2 ns 


tof Setup Time, Data to FT 


tuF Hold Time, Data to FT 4 4 ns 
VieM CONV Input Voltage, Common Mode Range 3 V 
VIDF CONV Input Voltage, Differential 3 V 
tpyw_ CONV Pulse Width LOW 

= 40Msps 

< 40Msps ns 


tpyy, CONV Pulse Width LOW 2 
tpyy CONV Pulse Width HIGH 


fore 
on 
| No 
a ee = 
NR] o 
=] 
7) 


= 40Msps ns 
<40Msps ns 
tpyy CONV Pulse Width HIGH 2 ns 
Ta Ambient Temperature, Still Air 70 °C 
Tec Case Temperature — 55 125 °C 


— 
—= 
| RN 
—| ~ 
Nolo 


Notes: 1. A common power supply, isolated simply with ferrite bead inductors, is recommended for Vee, and Veep. 
See the Typical Interface Circuits, Figures 9a-c. 


2. SFDR sensitive applications. 
3. See Figure 5., CONV, CONV Switching Levels. 
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Electrical characteristics within specified operating conditions ' 


Temperature Range 


Parameter . 
IEE ~ Supply Current (Iceq +leep) 2 VeeA = Max 3 
ack: a 


Units 


Cref Reference Input Capacitance REF +, REF— 

C Digital Input Capacitance Dy_12, FT, CONV, CONV 

I Digital Input Current, Logic LOW VEEp = Max, Vj = —1.85V 

iH Digital Input Current, Logic HIGH | Veep = Max, V) = —0.8V 

lic CONV Input Current = Veep=Max, — 1.85V<V)< -0.8V p50 | 

Ro Output Resistance ~  -— QUT+, OUT- 12 aaa 12 
Co Output Capacitance ~ OUT+, OUT- as 

Voc Output Compliance Voltage ~ . ~OUT+, OUT— —1.2 +122 —1.2 


lp Full-Scale Output Current - OUT+, OUT— a 


Notes: 1. Worst case over all data and control states. 
2. See the Typical Supply Current vs. Temperature graph (Figure 6) for typical values. 
3. Standard test load, Figure 4. : . 
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—_ 
—j—o | > 
cy Oo1F oo 
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Switching characteristics within specified operating conditions | 


Temperature Range 
7 — |__ Commercial | __—Miilitary 
Parameter Test Conditions | Min | Typ | Max] Min | Typ | Max] Units 
Fe = Maximum Clock Rate 1.2.3 Vega, Veep=Min, FT=LOW ps0] | fo] | | Msps 


inp Date to Output Delay”* | Vera, Vegp=Min, Fr=mGH {|__| | | | [rs 


tpf FT to Output Delay 2 Vega, VegEp=Min Ee aes 30 | ns 
ta Output Risetime 3 | 90% to 10% of FSR, FT=LOW ezey ns 
te Output Falltime 3 ~ 1 10% to 90% of FSR, FT=LOW ae eee ns 


FT=LOW, Worst Case Full-Scale 
Voltage Transition on OUT — 

to 0.1% FS (4LSB or 10 Bits) 
to 0.05% FS (2 LSB) 
to 0.0188% FS (3/4 LSB) 
to 0.0125% FS (1/2 LSB) 


tseT Output Voltage Settling Time 2.5.6 


BO — | ama : 
or > | NO] Ro 
ow 
or > 
pa 
”n 


Notes: Fe is limited only by tpyyy, tpyyy. ts and ty requirements. 
See Figure 1., Timing Diagram. 

Clock Mode. 

Feedthrough Mode. 

Standard test load, Figure 4. 


See the Typical Output Voltage Settling Time vs. Settling Accuracy curve. 


a a 
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System performance characteristics within specified operating conditions 


Temperature Range 


commercial |_Mary 
Parameter | Test Conditions | Min | Typ | Max | | Max | Units 
Ey Linearity Error, Integral Note 1, Et Vite pe 
(Terminal Based) TDC1112 +0.096 +0.096} % 
Tocii2—1 | | | +0.048 | +0.048| % 
Toc11i2-2 | | | +0.048 +0.048| % 
TOCWae =o +6.024) % 


ELp Linearity Error, Differential Note 1, 


TDC1112 


TDC1112—1 
TDC1112—2 


TDC1112—3 +0.012]} % 


SFDR  Spurious—Free Dynamic Range 2 32Msps, 
Foyt = 12MHz 
Foyt = 1OMHz 


H+ fF sa} slo vor) 
=f Siola ne = 


++ | aslo ro) 
— | Si ol oa ~J 
I+ I+ I+ |i+ JI4 
on on ololo 
ololo 
o|B|o 
| cla 
ol 
i'w e] 


or 
> 


Ec Absolute Gain Error Note 3 % 
TCeg Gain Error Temperature Coefficient | Note 3 + 30 +30 ppm/°C 
lor Output Offset Current Note 4 +0.1 +0.1 pA 
TCor Offset Temperature Coefficient Note 5 +2 ae +2 uVieC 


Vos REF+ to REF— Offset Voltage 


on 
o1 


PSRR Power Supply Rejection Ratio Note 6 Ee ee: 
PSS Power Supply Sensitivity Note 7 a re aa Se wAN 
DP _ Differential Phase Note 8 | o2{ sf fT Degree 
DG Differential Gain Note 8 | 03f 0 Sea sae % 
Notes: OUT— connected to Agyjy, OUT— driving virtual ground. Veeq, Vero, Iper=Nom. 


Circuit as shown in Figure 9a., lpe¢e=Nom. 

Veep: VeeA: VRer= om. 

VeEA, Veep = Min, D449 =LOW. 

VEEA, Veep =Max, D,_49=LOW. 

120Hz, 0.6Vp-p ripple on Vee, and Veep. dB relative to 0.6Vp-p ripple input. Vera, Veep. lage =Nom. 
VEEA, Veep= +4%, laep=Nom. 

Fo =4x NISC Subcarrier. 

Worst case 1 LSB transition. 


CO" CO 2 OV So NS 
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Typical Performance Curves (lypical Settling Time Characteristics} 


A. Full-Scale Output Transition, Rising Edge 


-.0007 
* Conditions 
Output Load: RL = 25Q ° 
CL < 5pF 
Temp: Ambient 
pee Supply Voltages: Nominal 
K 
S isa 
ae For Settling Time Detail, See Plot B 
o 
Fes 
wad 
=) 
> 
— 
= 
a 
= 
— 
r—) 
- 1.0060 


Ons 200ns 
TIME (ns) 


C. Full-Scale Output Transition, Falling Edge 


~ 0004 
Conditions 
Output Load: RL = 25Q 
CL < 5pF 
Temp: Ambient 
= Supply Voltages: Nominal 
ar 
r=) 
= 
3 
o. 
= 
> 
-_ 
> 
a 
= 
= 
© 
For Settling Time Detail, See Plot D 
— 1.0368 


TIME (ns) 


E. Typical Settling Time vs. Settling Accuracy — 


11.0 


+05 Conditions 


Output Load: Ry = 250 
Cy < 5pF 

Temp: Ambient 

Supply Voltages: Nominal 


ERROR BAND ( t+ % OF FULL - SCALE) 


+01 
+9.05 
*0.024 
+0.012 
0.010 
5 10 15 20 25 
FULL - SCALE SETTLING TIME (ns) 21348.1A 
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B. Settling Time, Full-Scale Output, Rising Edge 


0.000 
Conditions 
Output Load: RL = 25Q 
CL < SpF 
toy Temp: Ambient 
_ Supply Voltages: Nominal 
2 +1/2 LSB 
3 | 
=) | 
2. | 
3 
<x 
_ 
3S 
> 
~ 
— ] 
o. 
= 
> 
5S 
~0.002 
Ons 200ns 
TIME (ns) 


D. Settling Time, Full-Scale Output, Falling Edge 


- 1.0040 
Conditions 
Output Load: RL = 25Q 
"CL < 5SpF 
Temp: Ambient 
a +1/2 LSB - Supply Voltages: Nominal 
z 
= 
heded 
3 
= 
od 
Ss 
) 
—_ 
> 
5. 
— 
— 
Oo 
—1,0060 


30ns TIME (ns) 
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Figure 6. Typical Supply Current vs. Temperature 
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Figure 7. Typical Output Spectrum, 40MSPS, 13.336MHz Foyt 
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CENTER 13.33300 MHz SPAN 58.00 KHz 


RES BW 100 Hz VBW 190 Hz SWP 10 sec 
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Figure 8. Typical Output Spectrum, 40Msps, 5MHz FOUT 


REF 2.5 dBm 


ATTEN 38 dB 


MKR 9.88 MHz 
-71.10 dB 


START @ Hz 
RES BW 1 KHz 


VBW 1 kHz 


STOP 28.00 MHz 
SWP 50 sec 


Application Discussion 


Direct Digital Synthesis Applications 


For most synthesis applications, optimum signal purity Is 
obtained with the use of a balun (a simple RF trans- 
former made by wrapping a few turns of wire around a 
ferrite core) as shown in Figure 9a. This configuration 
has the benefit of cancelling common mode distortion. 


An output amplifier is not recommended because any 
amplifier will add extra distortion of its own, which Is 
likely to be much greater than that present from the 
direct outputs of the TDC1112. 


The strict adherence to at least the minimum input data 
setup and hold times is important for the realization of 
the optimal performance. Spur levels may decrease as 
setup and hold times are increased. It is possible to’ 
achieve even higher performance in some instances by 
carefully “tuning” the input data setup and hold times 
(slightly delaying or advancing the CONV signal in 
relation to the data) fed to the 1DC1112. The Operating 
Conditions Table has two sets of data for ts and ty, 


100 


One which guarantees performance of the device in 
most applications, and one, more conservative specifi- 
cation which has been found to be optimal for DDS 
applications. . 


The actual digital-data waveform which represents a sine 


~ wave contains strong harmonics of that sinewave. This 


can be seen by connecting a digital data line to the 
input of an analog spectrum analyzer. Therefore, data 
feedthrough to the analog output of a system due to 
improper board layout or system shielding and grounding 
will appear as additional harmonic distortion, adversely 
affecting SFDR. 


Harmonic distortion may improve even further with 
reduced AC termination impedance values, at the 
expense of lowered output voltage. 


The purity of the output of the 1DC1112 is greater than 
that which can be measured by many spectrum analyzers. 
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Direct Digital Synthesis Applications (cont.) 


The spectral plots shown in Figures 7 and 8 were The CONV signal provided to the TDC1112 must be as 
generated with an HP8568B, which has a noise floor free from clock jitter as possible. Clock jitter is the 
barely below that of the TDC1112, once the 1DC1112 random cycle-to-cycle variation in clock period. CONV 
performance has been optimized. When making spectral _— clock jitter will effectively appear at the output as phase 


measurements it is important to remember that the noise. A value of 10ps or less for clock jitter is recom- 

TDC1112 output power is +4dBm, which Is greater mended for the highest performance applications. 

power than many analyzers are equipped to handle ~ Ordinary crystal oscillators are satisfactory. High- 

without adding distortion of their own. Accordingly, it performance synthesizers, such as the HP8662, used 

may be necessary to introduce an attenuator to the to trigger a precision pulse generator, are also 

input of the spectrum analyzer to see the true DAC Satisfactory, although not as jitter free-as a crystal B 
performance. oscillator. 


Figure 9a. Typical Interface Circuit with Balun Output 


LM313H 


1K 
5.2V 
1 15k oe 


REF+ REF- COMP Acnp Denp 


LEGEND 
SYMBOL | CIRCUIT 
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Figure 9b. Typical Interface Circuit with Bipolar, Differential Mode Operational Amplifier Output 


TEGEND ___LM313H ¢ 
SYMBOL | CIRCUIT 


5. 
100 


15K 0.1uF 


176 = 12 SOO REF+ REF- COMP Agu Dgnp 
, ~~ D, (MSB) = , 


Do 


TOCHI2 


Pt . ANALOG OUT 
10H176 A a 
25 100 
Do (LSB) —_ L 
CONV CONV FT Vee Veep 
: ™ INDUCTORS ARE 
3 —] FERRITE BEADS 
al 0.1uF 
_ 5 21353A 
Figure 9c. Typical Interface Circuit with Resistive Load Output 
| LM313H 
~ LEGEND 313 
SYMBOL | CIRCUIT 
et 1K 
-5.2V ‘ L 1.5K 0.1uF 
10H176 REF+ REF- COMP Agyp Dgnp = 
ANALOG OUT 


TDC1112 25 + 
10H176 
D4 (LSB) 
CONV CONV FT Veen VEED 
INDUCTORS ARE 
FERRITE BEADS 
all (fi 
ee?) ee | 21354A 
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Ordering Information 


Product ! Temperature Range Package Package | 
Number Marking 


TDC1112J7CX STD—Tpj=0°C to 70°C Commercial 24 Pin Hermetic Ceramic DIP 1112J7C-X 
TDC1112J7VX EXT —Te= — 55°C to 125°C MIL-STD-883 24 Pin Hermetic Ceramic DIP 1112J7V-X 


TDC1112N7CX STD-T,=0°C to 70°C 24 Pin Plastic DIP 112N7C-X 
TDC1112C3VX EXT—Tp= —55°C to 125°C MIL-STD-883 28 Contact Chip Carrier 1112C3V-X 


ZO Leaded PiaStic Chip Carrier 1442R3C-X 


C Commercial 


Note: 1. The “X" in the product designation denotes the linearity grade, guaranteed over the operating temperature range, per the following table: 


Linearity Grade (X) 


Ei_p Linearity Error, Differential | +0.096% (4LSB) | +0.048% (2 LSB) | +0.024% (1 LSB) | +0.012% (1/2 LSB) 
Ej; Linearity Error, Integral + 0.096% (4LSB) | +0.048% (2LSB) | +0.048% (2 LSB) | +0.024% (1 LSB) 


Not every grade is available in every package/screening/temperature range combination. Consult factory for availability. 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TDC1141 Monolithic Digital To Analog Converter 


10 Bit, 50Msps, 12ns Settling Time 


The TDC1141 is an ECL compatible, 10-bit monolithic D/A 
converter capable of converting digital data into an analog 
current or vuilage al data rates in excess uf 50 Meya- 
samples-per second (Msps). 


The analog circuitry has been optimized for dynamic 
performance, with very low glitch energy. The output is 
able to drive a 50Q load with 1V output levels while 
maintaining large spurious-free-dynamic range. 


Data registers are incorporated on the TDC1141. This 
eliminates data skew encountered with external registers 
and latches and minimizes the glitches that can adversely 
affect many applications. 


Features 


e 10-Bit Resolution 

50 Msps Data Rate 

ECL Inputs 

Very Low Glitch With No Track And Hold Circuit Needed 


e Dual +4dBm (1V Into 50) Outputs Make Output 
Amplifiers Unnecessary In Many Applications 


Applications 


e Direct Digital RF Signal Generation 
e Test Signal Generation 

Arbitrary Waveform Synthesis 
Broadcast And Studio Video 
High-Resolution A/D Converters 


Interface Diagram 
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Functional Block Diagram 


REF- 
COMP 


D, (MSB) 
Dp 
Ds 


MSB DECODE 


REGISTER 
Dy 


Ds 
Ds 


CONV 
CONV 
FT 


VVV VVVVV VY 


Dy 


Dg LSB DATA 
REGISTER 
Dg 


VVVV 


Do (LSB) 


ERENCE 


63 UNIFORMLY WEIGHTED 
Co MSB CURRENT SWITCHES 


me 

_ | CURRENT ; 
| SWITCH ARRAY 

i 

as 


REF+ “§ 
REFERENCE rae 
AMPLIFIER 


OUT+ 


OUT- 


ai Ee DBeNT eUTT 
LSB CURRENT SWITCHES 21591A 


Pin Assignments 


118 NC 
117 Denn 
16 NC 
1.15 OUT- 
14 OUT+ 


#13 Agno 
112 NC 


21592A 


28 Leaded Plastic Chip Carrier — R3 . 
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-Functional Description 


General Description 


The TDC1141 consists of five major circuit sections: the 
LSB data register, the MSB decode block, the decoded 
MSB register, the current switch array, and the reference 
amplifier. All data bits are registered just before the 
current switches to minimize the temporal skew that would 
generate glitches. 


Power and Grounds 


The TDC1141 requires a single —5.2V power supply. This 
supply is divided into analog (VEFA) and digital (VEED) 
supply pins which should be decoupled from each other. 
An example of this decoupling is shown in the Typical 
Interface Circuit. The 0.1uF decoupling capacitors should 
be placed as close as possible to the power pins. The 
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inductors are simple ferrite beads and are neither critical in 
value nor always required. | 


Reference and Compensation 


The TDC1141 has two reference inputs: REF+ and REF-. 
These are the inverting and noninverting inputs of the 
internal reference amplifier. An externally generated 
reference voltage Is applied to the REF— pin. Current flows 
into the REF+ nin through an external current setting 
resistor (RRFF). This current is the reference current (IRFF) 
which serves as an internal reference for the current 
source array. The output current for an input code N from 
OUT+ is related to IRFF through the following relationship: 


louT = Nx IREF 
16 
Where N is the input code to the D/A converter 


This means that with an IRFF that is nominally 625uA, the 
full-scale output is 40mA, which will drive a 50Q load in 
parallel with a 50Q transmission line (25 load total) with 
a 1V peak to peak signal. The impedance seen by the REF— 
and REF+ pins should be approximately equal so that the 
effect of amplifier input bias current is minimized. 


The internal reference amplifier is externally compensated 
to ensure stability. A 0.ipF capacitor should be connected 
between the COMP pin and VEEA. 


Digital Inputs 


All digital inputs including the FT, CONV and Data Inputs 
are compatible with ECL logic. Input registers are provided 
on the data input lines to minimize the effect of glitching 
caused by data skew. 


Clock and Feedthrough Control 


The TDC1141 requires a differential ECL clock signal 
(CONVert and CONVert). Even though complementary 
operation is preferred, a single-ended signal may be used 
if either unused CONV input is biased at a DC voltage 
midway between the active input’s VjH and Vj, levels. 
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Data is synchronously entered on the rising edge of CONV 
(the falling edge of CONV). The CONV input is ignored in 
the Feedthrough (FT = HIGH) mode. 


The Feedthrough (FT) pin is normally held LOW, in which 
case the [DC1141 operates in a clocked mode (the output 
changes only after a clock rising edge). An internal pull- 
down resistor is provided, and this pin may be left open for 
clocked operation. For certain applications, such as high- 
precision successive approximation A/D Converters, Guiput 
delay may be more important than glitch performance. In 
these cases, the FT pin may be brought HIGH, which makes 
the input registers transparent. This allows the analog 
output to change Immediately and asynchronously in 
response to the digital input, without the need for a clock. 


Analog Outputs 


Two simultaneous and complementary analog outputs are 
provided. Both of these outputs are full-power current 
sources. By loading the current source outputs with a 
resistive load, they may be used as voltage outputs. 
OUT+ provides a 0 to -40mA output current (0 to -1V 
when terminated in 25Q) as the input code varies from 
00 0000 0000 to 11 1111 1111. OUT- varies ina 
complementary manner from —40 to OmA (—1 to OV when 


terminated with 25Q) over the same code range. (See the 


Input Coding Table.) The output current is proportional to 
the reference current and the input code. 


No Connect 


These pins have no internal connection and should be left 
open for optimal performance. — 
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No Connect 


10,11,12,16,18,25 


TDC1141 new 
Bui Arty 
Package Interconnections 
Signal Signal Value R3 Package 
Type Name os wt Pins 
Gower | Agno | __Analog Grou 7B 
[eno Digital Ground iT 
|__Veea Analog Supply Voltage [7] EG 
VEED Digital Supply Voltage 5 
Reference : Reference Voltage ing 2 
| Reference Current Input S25uA a 3 
Data Inputs ce = Most Significant Bit ee 24 
ne iat as aaa: Ines came Be 
tb S—SSSSSC“iSCC“‘CC*OSR 
Pe ee ee 
a SS 
pe Et 19 
rs ee 6 
il ACS GEES SNORE UX SETANNENL UNS: 
a ASN RN IeT ReR a 
Dig (LSB) Least Significant Bit 9 
Feedthrough ae | Feedthrough Mode sania 28 
Convert . 7 aoe Convert (Clock) Input 27 
Analog Output Analog Output 0 to 40mA 14 
Analog Output 40 to OmA 15 


Input Coding Table! | 
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input Data 
MSB_ LSB 


00 0000 0000 
00 0000 0001 
00 0000 0010 


0191191111 
1000 0000 00 


e 
1111 111101 
11111111 10 
1111111111 


Note: 1 


No Internal Connection 


OUT+ (mA) 
0.000 | 4000 
0.039 
or seer} 
| 19961 ~499.03 20.000 
| 20.000 -500.00 | 19961 
39,922 ~998.05 0.078 
39.961 999.03 | 0.039 
40.000 ~1000.00 0.000 


IREF = 625pA, RLOAD = 252 


-Vout—(mv) 
~ —1000.00 


998.05 
998.05 
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Figure 1. Timing Diagram 
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Figure 2. Equivalent Input Circuit (Data and FT) 
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Figure 4. Equivalent Reference and Output Circuits 
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Figure 5. Standard Test Load | Figure 6. CONV and CONV Switching Levels 


TEST LOAD: 0.0V 
V 
ak 0T0-1V ICM MIN 
Tv ee ee ee ee - 1.3V 
21346A \ > == CONV 
. XN 
»s e x hoo 
VicmMAX i (i‘“C:;O;™~™~*~™ ——— “a cM 
21347A 
Absolute maximum ratings (beyond which the device may be damaged)! 
Supply Voltages 
_ VEEA (Me aSUrOd 16-AG NII) ssacnatescesesrces)t de hnadeneckitens nuenben nce teiateetd soda thn arian etal tidad mated teeatanens vata aeeta —7.0 to +0.5V 
VEEA (IMIS ASUPER. £0. VEE [) ach ctsceendpists la leararlun Geessesstahepmecenessitanedcththcietrsawe ies see ipan ino ian ena iadi da uieanelaatie —50 to +50mV 
VEED (Measured to DG) --vvssssssssssssseesessssssssesssssssseeeesssseeees Sie Meee ha eT een Amn ee) oTee Ore 7.0 to +0.5V 
AGND (MGSSUFOE LOD GAP) ): saccscsesttdanasiasidiaacecteethaccaateuictsncsetasntnieee Le aieh ac ho talch eat icsatea eastward terns eirseaseuaues re —0.5 to +0.5V 
Inputs | 
CONV, CONV, FT, D1-12 (Measured to Danol Snel estas fas luttastivonahstl a ntertasdens tess paeeceacteicaae ete a inseu a steele VEED to +0.5V 
REF+, REF-, Applied Voltage 3 | - 
(Measured to AGQO)2 onccssccccccccssssssssssssssssssssssssssssssssssessesssssssseecesessenssssssnssees why icia a atin ea cccareee chan ee ree ae VEEA to +0.5V 
REF+, REF-, Current, Externally Forced3.4 o.....ussssssssssessssssssesssssscssesseessscessessesses bats eas te fice tueiedtairecle A220 55s assatud ccesielvadeieliseenterusle +3mA 
Outputs | 
OUT+, OUT-, Applied Voltage 
(Measured to FAVE | eRe ae enn eRe oe RN ea cSt ROME Tom ra eet mE -2.0 to +2.0V 
OUT+, OUT-, Current, Externally Forced3.4 ........... Te PaO te te eet eRe pois aca potrasionstoanienc indiana eaacaueacsecninenee + DOME: 
SHOreCircurk Duration ASIMgle OUtp it Lo GND) .2:-sscescnsaiseccetanasisarcarerceqninsin abies ehpceeesnnniannataaenvoecratsaneitinnsnomerspeinentaneraueen seer unlimited 
Temperature - 
Operating, ambient 
MPTASEC: PACKAGO I ssssiesiurssenssenctacevia crosei chat! Gveediatidaceradantieucaatnes ane weiagitenncas aseahopaciastnamantaseiaiged Mapas tebe mea —20 to +90°C 
WBE RT Leip iG de acters aauetuedccue tetas bctate av cbaase apd usd wean dcrres coche deen cams tact aea via east exe idbiadbss naan —60 to +150°C 
Junction a mt ! 
(Plastic Package) sscisidiccuceaamcanaleletsnneaens ete tiaet ata ee cee Grae dete ated cnestirtayeaplsecetestettedasecetaee se paertaine +140°C 
(Ceramic Package) sicscsesasssicccsccdeatieaticeassceiatviseaseonse Bee saa tastes tcita a tastts ees dessa at enertlans ct asscacees ese ao steaa atoteea neon +200°C 
HQC) SOIC LING 110 SOC IOS) asa ciericteatasec acca sessugrespesk eee atovbavunasarestoaaaasvin ators ce eoececnu Geant areca ecncet etree le aera eee Geen +300°C 
SIORAGEs. — sadanewisene uated Bar ueete esac uated cotsns ae saa secstetluasnlaaiuase dtl dda tos Bosal elastin sa alacuat veel deariatetiaeateredeelvantesy —65 to +150°C 


Notes: 1. Absolute maximum ratings are limiting values applied individually while other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. Device performance and ie are gueranteed nya if the Operating Conditions are 
not exceeded. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 
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Operating conditions 


[as 


Fs Clock Frequency Msps 
VEED Negative Supply Voltage (Measured to Dgnp) ; 5.5 V 
VEEA Negative Supply Voltage (Measured to AGND) a ee eee V 
VAGNO Anaiag Ground Voltage (Measured to DGNp) 0.1 U.U C.1 V 


VEEA Negative Supply Voltage (Measured to VEFp)! -20 a a ee ae mV 
tPWL CONV Pulse Width LOW (Fg>40 Msps) ae ee eee ee 


CONV Pulse Width LOW (Fs<40 Msps) ae ee eat OT 


tPWH CONV Pulse Width HIGH (Fs>40 Msps) = ee ee oa 

CONV Pulse Width HIGH (Fs<40 Msps) a ar re ns 
ts Setup Time, Data to CONV pom | 
SF Setup Time, Data to FT (ee Zee eee: a 


VIL Input Voltage, Logic LOW 


a ee Ee ae 

VREF___ Reference Voltage (REF-) Se ee ee 
IREF Reference Current (REF+) | 4000] 8 700 ‘pA 
uF 


TA Ambient Temperature, Still Air in ee ee °C 


Note: 1. Acommon power supply isolated with ferrite bead inductors is recommended for VEFA and Veep. This is shown in the Typical Interface Circuits. 


Electrical characteristics within specified operating conditions 


Temperature Range 


Standard 
Parameter Test Conditions Units 
IEEA+HEED VEEA=VEED=Max;static Ta=0 to 70°C PL tz mA 
CREF Reference InputCapactance | | | 
Voc Compliance Voltage eee Re 2 (ee ae 
Co___Output Capacitance ees ee Pe ae 
lo Full-Scale Output Current IREF=625uA = ar ae mA 
HL Input Current, Logic LOW VeE=Max, Vj=0.4V ig: he poo —- | uA 
NH Input Current, Logic HIGH Veg=Max, V|=2.4V | 10 200 uA 
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Switching characteristics 


Temperature Range 


Test Conditions 


‘Parameter 
toc Clock to Output Delay VEEA, VEED=Min, FT=LOW rd 
VEEA,VEED=Min, FT=HIGH | 


toD Data to Output Delay ns 
tDF FT to Output Delay 
tR Risetime! ~ 90% to 10% of FSR, | | 2 = ns 
| FT=LOW 
tF Falltime! 10% to 90% of FSR, - 2 4 ns 
| FT=LOW 
tSET Settling Time, Voltage FT=LOW, Full-Scale ns 
Voltage transition 
| on IguT to 0.1% FSR 
Note: 1. Clocked Mode 
System performance characteristics 
Parameter Test Conditions | Min | Typ | Max | Units 
ELD Differential Linearity Error VEEA, VEED, [REF = Nom! Pf 
TDC1141 +0.1 % 
TDCI141-1 a a ee 
EL | Integral Linearity Error VEEA, VEED, IREF=Nom! . tot hae | 
TDC1141 +0.1 % 
TDC1141-1 a ae ee ae 
Vos REF+ to REF— Offset Voltage PeetOr- (ete ge | mV 
iB __AEF-inputBiasCurent | ———S~SCS~ss~SCS~CS~CSC*S 
EG Absolute Gain Error [VeeA VeED.IREE=Nom | 5 | 5 | % 
lof __ Output Offset Current VEE VeeD=Max,Di-12=LOW] -5 | | #8 pA 
PSRR Power Supply Rejection Ratio IVEEA,VEED.IREF=Nom2 {| | | -50 | dB 
PSS___Power Supply Sensitivity | VEEA, VeED=24% Iner=Nom | (| ——~+(| 140 ‘| __wAW 
Ga____Peak Glitch Area SC 2 
Note: 1. OUT-—connected to AGnp, OUT— driving virtual ground. 


2. 120Hz, 600mV p-p ripple on VEE and Vcc. 
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Typical Performance Curves (Typical Settling Time Charactersitics) 


A. Full-Scale Output Transition, Rising Edge 


~ 0007 
Conditions 
Output Load: RL = 25Q 
a CL < 5pF 
hes Temp: Ambient 
| < 
= Supply Voltages: Nominal 
ww 
oO 
< 
ar 
=) 
> 
_ 
=> 
a. 
_ 
> 
=) 
— 1.0060 
Ons 200ns 
TIME (ns) 
21596A 


C. Typical Settling Time vs. Settling Accuracy 


ERROR BAND ( + % OF FULL - SCALE) 


+ 1.0 


+05 Conditions 


Output Load: Ry = 2502 

CL < 5pF 
Temp: Ambient 
Supply Voltages: Nominal 


+0.1 
£0.05 
+0.024 
+0.012 
+0.010 
5 10 15 20 25 30 
FULL - SCALE SETTLING TIME (ns) 21348.1A 
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B. Full-Scale Output Transition, Falling Edge 


— 0004 
Conditions 
Output Load: RL = 250 
_ CL < 5pF 
ze Temp: Ambient 
al . 
2 Supply Voltages: Nominal 
Ww 
rT) 
< 
2 
=) 
> 
= 
> 
oa. 
a 
> 
© 
— 1.0368 
Ons 200ns 
TIME (ns) 
21597A 


D. Typical Supply Current vs. Temperature 


leg (mA) 


-160 


-150 


-140 


-130 
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TEMPERATURE °C 21349A 
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Applications Information 


There are three major D/A architectures: segmented, 
weighted current sources, and R-2R. In-segmentated 
D/A converters there is one current source for each 
possible output level.- The current sources are equally 
weighted and for an input code of N, N current sources 
are turned on. An.N bit segmented D/A has 2N current 
sources. A weighted current source D/A has one current 
source for each bit of input with a binary weighting for the 
Current sources. In an R-2R D/A, there is one current. 
source per bit, and a resistor network which scales the 
current sources to have a binary weighting. 


When transitioning from a code of 0111111111 to 
1000000000, both the R-2R D/A and Binary weighted 

D/A are turning some current sources on while turning 
others off. If the timing Is not perfect,:there is a moment 
where all current sources are either on or off, resulting in 
a glitch. Ina segmented architecture, 511 of the current 
sources remain on, and one more is turned on to increment 
the output with no possibility of a glitch. 


The TDC1141 uses a hybrid architecture with the 6 MSBs 
segmented, and the 4 LSBs from a R-2R network. The 
result is a converter which has very low glitch energy, and 
a moderate die size. 


Layout, Power and Grounding 


The layout of grounds in any system is an important 
design consideration. Separate analog and digital grounds 
are provided on the TDC1141. All ground pins should be 
connected to a common low-noise, low-impedance 
groundplane. This groundplane should be common for the 
TDC1141 and all of its immediate interface circuitry, which 
includes all of the reference circuitry, the output load 
circuitry, and all of the power sup decoupling 
components. 


The digital driving logic should use a separate system 
ground, and this ground should be connected (typically 
through a ferrite bead inductor) to the analog groundplane 
in only one place. The analog and digital grounds may 

be connected in other ways if required by the user's 
system grounding plan, however, the voltage differential 
between the AGND and Deno pins must be held to within 
+).1 Volt. 
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Output Termination 


The recommended output termination is 25Q2. This can be 
provided by placing a 50Q source resistor between the . 
output pin and ground, then driving a 50Q transmission 
line. With this load, the output voltage range of the 
converter is 0 to—1.0V. If a load is capacitively coupled to 
the TDC1141, it is recommended that a 25Q load at DC, as 
seen by the TDC1141, continue to be maintained. The 
output voltage should be kept within the output compliance 
voltage range, Voc, as specified in the Electrical 
Characteristics Table, or the accuracy may be impaired. 


See Figure 8 for a suggested circuit for achieving a bipolar 
output voltage range. Optimum DC linearity is obtained by 
using a differential output either with a balun, or an 
operational amplifier in the differential mode. If it is 
desired that the TDC1141 be operated in a single ended 
fashion, the unused output should be connected directly to 
ground as is shown in Figure 9. The CONV signal provided 
to the TDC1141 must be as free from clock jitter as 
possible. Clock jitter is the random cycle-to-cycle variation 
in clock period. CONV clock jitter will effectively appear at 
the output as phase noise. A value of 10ps or ‘less for clock 
jitter is recommended for the highest performance 
applications. Ordinary crystal oscillators are satisfactory. 
High-performance synthesizers, such as the HP8662, used 
to trigger a precision pulse generator, are also satisfactory, 
although not as jitter free as a crystal oscillator. 


Driving a 75Q Transmission line 


The TDC1141 has been optimized to operate with a 
reference current of 625uA. Significantly increasing or 
decreasing this current may degrade the performance of 
the device. If it is desired that the device drive a 37.5Q 
load (75 source termination driving 75Q2 transmission 
line) rather than the 25Q suggested load, then VRFF should 
be held at 1V and IRFF reduced to 417A. This will result in 
a 1V p-p voltage being generated at the DAC output. 
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Figure 7. Typical Interface Circuit with Balun Output 
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Figure 8. Typical Interface Circuit with Bipolar, Differential Mode Operational Amplifier Output 


LEGEND. LM313H 
SYMBOL | CIRCUIT 


1K 


-5.2V 


“REF+ = REF- COMP Agnn Denp 
D, (MSB) 


10H176 12 x 50 OHM 


TDC1141 
10H176 


ee ANALOG OUT 
ae ee 7 


95 100 
Dip (LSB) 
conv conv FT Yeca Veep 
a ok INDUCTORS ARE 
FERRITE BEADS 
sad | ~ 
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Figure 9. Typical Interface Circuit with Resistive Load Output 


LEGEND LM313H 


CIRCUIT 


1K 
-5.2V 


2.2K 0.1 UF 


10H176 12x 50 OHM 


REF+ 


REF- COMP AGND Deno 


ANALOG OUT 


TDC1141 == 
10H176 
D4 (LSB) = 
CONV CONV FT Veea YEED 
INDUCTORS ARE 
FERRITE BEADS 
a | aa 
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Ordering Information 


Product Number 


TDC1141R3C 
TDC1141R3C1 


Package Marking 


Ta=0°C to 70°C Commercial Plastic Chip Carrier 
Ta=0°C to 70°C Commercial Plastic Chip Carrier 


1141R3C 
1141R3C-1 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right to 
change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy 


TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 


to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. against all damages. 
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TDC1318 


Digital-to-Analog Converter 
Triple 8-Bit, 2OOMHz 


The 1DC1318 consists of three separate 8-bit video D/A 
converters in a single monolithic integrated circuit. The 
TDC1318 Is designed for ZOUMHZz operation and is ECL 
compatible. Each of the three D/A converters has 
complementary current-sinking outputs that can directly 
drive 75 Ohm lines to 1Vp-p. 


Video controls, SYNC and BLANK, are included for 
setting video output levels during synchronization and 
CRT blanking intervals. OVERLAY, a 110% white control, 
is useful for emphasizing portions of a CRT display and 
for cursor identification. All data and control inputs to 
the TDC1318 are internally registered on the rising edge 
of the clock (CONV). 


A single band-gap voltage source is the reference for all 
three D/A converters and a single external resistor 
determines the reference current. The pinout of the 
TDC1318 allows for optimum board layout and minimizes 
digital feedthrough. Analog and digital grounds are kept 
separate for maximum system ground flexibility. 


Functional Block Diagram 


BLANK 


OVERLAY 


8 15 
8 15 


Dip-DgR 


CONV 


REFERENCE 
VOLTAGE 


REF+ 


COMP 
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Features 


aituy 


e Complete, Monolithic, “Graphics-Ready’’ 
e Three 8-Bit D/A Converters 


e Registered Data Inputs 


e Reaistered SYNC BLANK And OVERLAY Cantrals 


wewiwu w 


e Qn-Board Voltage Reference 


e Linearity Error Less Than 1/2 LSB 


e 200MHz Operation, ECL Compatible Inputs 


e Complementary Current Outputs 


e Single —5.2V Power Supply Required 


e Can Be Operated In TTL Systems 


e Available In A 40 Pin DIP 


Applications 

e Raster Scan Displays 

e Bit-Mapped Graphics 

e PC Graphics Systems 

e CAD/CAM Workstations 


i= SEGMENT AND CONTROL 
oles acd 


CURRENT SWITCHES 


1 
ie: SEGMENT AND CONTROL 
| | tw | 


CURRENT SWITCHES 


TLE SEGMENT AND CONTROL 
Fg | CURRENT SWITCHES 


Bearices 


SEGMENT 
S REFERENCE 


Phone: (619} 457-1000 
FAX: (619) 455-6314 


OUT+g 


OUT-¢ 


OUT+, 


OUT-p 


OUT+p 


OUT-p 
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Pin Assignments 


VEED 

Depp (B LSB) 
D7B 

Dep . 


Se 
< 
rm 
= 
~< 
ao =!) QO ao &@ G AS —_ 


DsB 
OUT+p Dap 
OUT-p Dp 
OUT+p Dog 
OUT-p 3 -D4g (B MSB) © 
OUT+_ 10 Dgp (R LSB) 
OUT-g 11 D7R . 
SYNC 12 Dep 
CONV 13 Dsp 
(G MSB) Dig 14 Dar 
Dag 15 D3R 
D3g «(16 Dap 
Dag 17 Dip (R MSB) 
Deg 18 " Dgg (G LSB) 
Deg 19 07g 
Veca 20 Vecp 


40 Pin CERDIP — B5 Package 


Functional Description 


General Information 


The TDC1318 has three pairs of complementary analog 
current outputs for directly driving the 75 Ohm red, 
green and blue inputs of an RGB color video monitor. 
The current flowing into each output terminal is 
proportional to the product of the 8-bit input data and 
the analog reference current. All digital inputs are 
compatible with standard (10K) ECL logic levels. The 
rising edge of CONVert latches all data and control © 
inputs into an internal register. These binary data values 
are then converted into analog output current by a set. 
of matched current switches. | 


Power 


For optimum noise immunity, the TDC1318 operates from 
separate —5.2V analog and digital power inputs, Veca 
and VeEp. These may be connected to the same power 
source but separate power supply decoupling for each 
power input is recommended. The return path for lEFp, 
the current drawn from the VEEp supply, is Veep. The 
return path for IEEA is Vcca. All power input terminals 
must be connected. 
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Although the [DC1318 is specified for a —5.2V supply, 
operation from +5V is possible provided that the correct 
polarity of all voltages are maintained. For additional 
information concerning the -use of ECL D/A converters in 
a +5V system, refer to TRW Application Note TP-33 
“Using The TDC1018 And TDC1034 In A TTL 
Environment.” 


Reference. 


The TDC1318 has an on-board band-gap voltage source 
(~1.3V, nominal) that is referenced to Veca. The refer- 
ence input, REF+, is the noninverting input of the — 
reference amplifier. This amplifier provides a reference 
voltage for all of the current switches. 


The analog output Current Is proportional to the digital 


data and the reference current, Iper. The full-scale 


output current may be adjusted by varying the reference 
current. A compensation input, COMP. is provided to 

externally compensate the internal reference amplifier. A 
capacitor, Cc, should be connected between COMP and 


VEEA- 


Convert 


The TDC1318 CONV. clock is a single-ended ECL 
compatible input whose rising edge synchronizes the 
internal data transfer from the data encoder into the 
current switches of the three D/A converters. 


Video Controls 


The 1DC1318 has three video control inputs: SYNC, 
BLANK and OVERLAY. Internal logic simplifies the use of 


~ these controls in video applications. All are ECL 


compatible and include internal pull-down resistors to 
force any unused control to the inactive state. The video 
controls are registered on the rising edge of the CONV 


~ Clock input. Video control inputs must be valid for the 


set-up time, ts, before and for the hold time, ty, after 
the rising: edge of CONV. 


Asserting the video controls produces output levels for 
synchronization and blanking intervals and the 110% 
white overlay function. The effects of the video controls 
on the analog outputs are shown in the /nput Coding 
Table. SYNC overrides data, BLANK and OVERLAY, 
producing a full-scale output on OUT—G and OUT+¢ 
only while forcing the remaining four outputs to the 
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Video Controls (cont.) 


blanking level. BLANK overrides data and OVERLAY 
producing a “blacker than black’ video level on all three 


D/A converters. OVERLAY overrides input data and forces 


the output of all three D/A converters to a level 10% 
whiter than white. 


Analog Outputs 

The red, green and blue analog autouts of the TDC1218 
are each high-impedance complementary current sinks 
whose currents vary in proportion to the input data, 
video control inputs and reference current. All outputs 
are capable of directly driving 75 Ohm lines to standard 
video levels shown in Figures 1 and 2. The voltage 
produced across the load is the product of the output 
current and the net load impedance. This voltage varies 
between 0 and —1V when driving a 75 Ohm line with 
source and destination termination. For optimum dynamic 
performance all six analog outputs should have the same 
load resistance. | 


The OUT—g terminal will produce a “sync down” 
waveform while the OUT+@¢ terminal will produce a 
“sync up’ waveform. SYNC applies only to the green 


channel (QUT—c, OUT+¢). When SYNC Is asserted, only 


the green channel will output the standard sync level. 
The red and blue channels output the blanking level. The 
Input Coding Table and Figures 1 and 2 show this 
effect. | 


| Data Inputs 


Tho data innite ta the TAl1212 ara einnla_andad and 
aetw RAWAL Ee A AE cw eoaws  ereyienv t iw Viti wy PER WA oa 


ECL compatible with internal pull-down resistors to force 


unused pins to the inactive state. The names red, green 


and blue are arbitrarily assigned to the three D/A 
converters but the SYNC control affects only the one 
named green. 


The eight data bits for each D/A converter are decoded 
prior to being latched in the data register. This reduces 
glitch energy caused by small differences in propagation 
delay (skew) in the path to the current switches. On the 
rising edge of CONV, all data is synchronously transferred 
to the three D/A converters. Data must be valid for a 
set-up time, ts, before and a hold time, ty, after the 
rising edge of CONV. 


Package Interconnections 


Signal Signal 
Type Name 
Power Vcca 

Vecp 

VEEA 

VEED Negative Digit 
Reference REF + 

COMP _ Compensation Capacitor 
Convert | CONV 


SYNC 
BLANK 
OVERLAY 


OQUT—¢ 
OUT +¢ 
OUT —p 
OUT+p 


Video Controls 


Analog Outputs 


© 
Cc 
— 
| 
wo 
m 
cd 
i 
oo 


OUT+p 
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Positive Analog Power Input 
Positive Digital Power Input 

Negative Analog Power Input 
al Power Input 


Reference Current Input 


Convert (Clock) Input 


Video SYNC Data Input 
Video BLANK Data Input 
Video OVERLAY Data Input 


Green Channel — Output Current 

Green Channel + Output Current | 
Red Channel—Output Current = 

Red Channel + Output Current 

Blue Channel— Output Current — 

Blue Channel+ Output Current. 


B5 Package Pins 


| 0.0V 20 
0.0V 21 

—5.2V | 1 
—5.2V 40 


m 
a 
are 
NO 


C 


Oo 


mpm 
oo] © 
my) or 
an; & 


| Figure 1 | 11 
Figure 2 — 10 
Figure 1 g 
Figure 2 8 
Figure 1 | 7 
Figure 2 6 
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Package Interconnections (cont.) 


Type Name Function | B5 Package Pins 
_ Data Inputs a ae 4 
_ co Uo % 
eS 6 
a el ee eae IRE ES i 
a 8 
San SRLS Meet seat 9 
ay a EES el 2 
a ee CL z 
sa Sama Lie eae 2 
| Sr ae 25 
SRK SORTA: Coe 2 
a i 
a 28 
[Om | SSCS ST 29 
a A z 
[Den | __Red Channel tS Data inpot +f —ek~SSC«dSCC‘C‘*‘ 
| Dp Blue Channel MSB Data Input [ECL 22 
et ed ee Pe ee 33 
eS Se (eae eee en 
ac. Seah Raa RENNES Wael UE | 35 
a 36 
a a ae ae Bie ee 7 
ee ee eae eee seem nee 38 
ee ; 


Input Coding Tables 
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Green Channel (OUT — G. ., OUT +g) 
SYNC 


BLANK OVERLAY ee regen Vour_ (mV) lout + (mal Vout + (mv) 


OUTPUT 


0 XXXXXXXX 110% White 
0 11111111 Ref. White 
0 00000000 Ref. Black 

0 XXXXXXXX | Blank 

1 XXXXXXXX Sync 


Red and Blue Channels (OUT - pn, OUT—p, OUT+R. ou 


OUTPUT 


110% White 


0 XXXXXXXX 

0 11171111 Ref. White 
0 00000000 Ref. Black 
0 XXXXXXXX Blank 

1 


XXXXXXXX Blank 


Note: 1. Vgyt is measured across a 37.5 Ohm load resistor connected between the output terminal and Veca: 
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Figure 1. Video Output Waveforms For All OUT-— Terminals 
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Figure 2. Video Output Waveforms For All OUT+ Terminals 
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Figure 3. Timing Diagram 


DATA, 
CONTROLS 


CONV 


CURRENT 
OUTPUT 


Figure 4. Equivalent Input Circuits 


VOLTAGE . Voca 


REFERENCE 


DATA, 
CONTROLS 
REFERENCE 
SEGMENT 
SWITCH 
IBIAS 


Figure 5. Equivalent Reference And Output Circuits Figure 6. Output Test Load 


CURRENT CURRENT TEST LOAD: 


- SWITCH #1 SWITCH #N 
eiapaareatceitens aaa ee orn OUT+ VIDEO OUT 
! 5 dee ouT- 0 TO -1 VOLT 
1 
REFERENCE | 1 | I 
AMPLIFIER | | I 
Se ee ee eee “| 1 | | 
REF+ © <a i oe as es | eee Paina | 
sv! i 
[ 
VOLTAGE 1 
REFERENCE | 
| : O VeEA 
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Absolute maximum ratings (beyond which the device may be damaged) ! 


Power Supply Voltages 


Meiea: (MM@ESUULEG COV (ps) icscancsineacsain cata cchcbucsaia scat sbsastestbee cece shaadi twtaa lat erat oaegndsoineat di aaebegn piece astpeaehe +0.5 to -7.0V 
Weis MAME ASUIRE CE: #1 <V,Pop yy esha seet leicester ade cant ventn coerced hs obume sero a Rindge aaa esanedouduneataa onsen taining +0.5 to -7.0V 
Veca (measured to Voc) .svsssessssssesseessseusetessesusestssenteeeeastmnsensrsnsrenuetsmsnenseesusrianseassenusseisssuaseussnsaseresnessnsnanuaneusnessnssssie +0.5 to -0.5V 
Vega (measured to Vegi) oaseoessesssssssesstessssssssesnsesssesssessnssnrernssestesnseeustenssenaseesnerseasseeneeseassiterenssiiasinseesnsssasenssunssianesonennastenastsste +0.5 to -0.5V 
Inputs 
Digital Inputs, applied voltage (measured to Vecp)? Geshe iosdedev Bats ea cniDlsed Poston naeconcad eran ee paashs has rae hee em anatmaindaiaeane +0.5 to VerpV 
REF+, Applied “voltage: (imeasured th Vppay® acsnccnacedscissisuscesstvecutintnetoionmdiaasiisna tot ouarcuitag edbaaebesieonsiohalsileontanes +05 to VeraV 
FREE c-Si lied CUMING 3 asc ceccsSceecchk an epee oa ahaa scce geen evel eet ceshcor ls eeatande tbat 6.0mA 
Outputs 
Fiphied) voltage (rieatstinedd “tO. Veapeg) © cass Ppt pata call alten grea ali coi +2.0 to -2.0V 
INTs MUTT] cL ee cet eae On Oe oe caer a ee NT eee men crete aera nee 50mA 
SHOE E CHF CLUE LIN LION Sacro asst ace ec eases Dera Seen tow gd equ taaae spn dove eo baaced tate pte alan nae LA aresue neal Unlimited 
Temperature 
(ipa cath egs anna MD MBr aE eee as sacri ce fi a etait cada odo tnc cue hae tpn adnate nec en lig oneeemaucoNIe ae -60 to + 140°C 
GUAR V CANAD Scc ts sscicctecananscassectatocecs Sadie av bounce Sisson setatee esters leeches memento erna Oe +175°C 
Lien: Seolcheninney (10) SB Gch S) cs 255s sash sucoceteus sos stic eos cadguestesusuab open ckzes tweens aeeeascud¥svbals aecas ds gprh encase vtanzbcobuagnerosasbvctbps ada epeemhseotangavonoeantaas mar teeaaeaheaeleae + 300°C 
SEO ERE 2: decsexaas ec bdeasacav ade aaraeeczieteS asi centre cSieep cestode SLR Seed each ent ccc Seng caoeeab nc cgve ates Nac ad a padareaaSbop eG IO —60 to +150°C 
Notes: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current when flowing into the device. 


Operating conditions 


Temperature Range 


Veeo Dita Supply Voge (measured to Veco ee ee ! 
Vecq___raog Supply Voge ieaswed © Vood 
Vcca-Voon Supa Voltage Diterentia ee ee ee ! 
Veex-Veen Sul Voae Oferta a 
Mu input Voge, Lage LOM a ee ee ! 
rf not Vatage, Lago HIGH a 
tpwi CONV Pulse Width, LOW Pe ee % Duty Cycle 
iw CONY Puse With, HIGH a 
s Setup Tine, Dig nuts ee ee ee ee 
? ld Tine ita puts a 
Cc Compensation Capacitor 2700 10,000 i pF 
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Electrical characteristics within specified operating conditions 


Temperature Range 


, . Standard 

Parameter : Test Conditions | Min | Max Units 
EEA * leEp Supply Current Veea = Verp = MAX, static | 

. . he - Tp. = 0°C to 70°C mA 
lo Max Output Current Veeq = NOM, SYNC = HIGH a ee ae. 
Voc Compliance Voltage — Measured to Veca V 
NL Input Current, Logic LOW Veep = MAX, Viy = -1.45V eee el 250 LA 
WH Input Current, Logic HIGH Veep = MAX, Vin = -1.00V a ae 
lic Input Current, Controls | Veep = MAX, -1.45< Vin< -10 a ee LA 

~ Note: | | 


1. Worst case over all data and contro! states. 
Switching characteristics within specified operating conditions 


Temperature Range 
Standard 


Parameter Test Conditions Units 


Fe Maximum Data Rate Vee Veep = Mine ee MHz 
a a 


to Clock to Output Delay | Veen, Veep = Min ns 


tp Rise Time, Current 10% to 90% of Gray Scale ae i ae ns 


a: Fall Time, Current. = |. - . - - 90% to 10% of Gray Scale - ee ns 


tseT Current Settling Time |. : Vega, Veep = Min, to 3.2% as i a ns 


126 _ TRW LSI Products Inc. 


TDC1318 7rtry 
7 AX 
System performance characteristics within specified operating conditions 
Temperature Range 
Standard 
Parameter Test Conditions | Min | Max | Units 
Ei Linearity Error Integral, Terminal Based Veen, Veep. Inge = Nom ae eee % of Gray Scale 
Eip Linearity Error Differential Veen: Veep. Irer = Nom a a se % of Gray Scale 
lor Output Offset Current Vega, Veep = Max, SYNC = BLANK = LOW HA 
OVERLAY = HIGH 
Ec Absolute Gain Error Veea, Veep = Min PA ae % of Gray Scale 
Tog Gai Eror Tempe Ls ee 
PSRR Power Supply Rejection @20kHz, Vea, Veep. rer = Nom a ae dB 
@60H2, Vee Veep 'ner - Nom? ae ae 
PSS Power Supply Sensitivity Veen, Veep. Inge = Nom P| 0 
Ge Peak Glitch Charge P| a fCoulomb 4 
G Peak Glitch Current SS ae mA 
Ge Peak Glitch Energy (Area) P| OY pV-sec 
Notes 


1. 20kHz, 0.75 Volts p-p superimposed on Veca and Veep. Units (dB) are relative to full gray scale. 
2. 60Hz, 0.75 Volts p-p superimposed on Vera and Ve¢p. Units (dB) are relative to full gray scale. 
3. Units (dB) are relative to full gray scale. 

4. fCoulomb = femtocoulombs = microamps x nanoseconds. 

0. 37.5 Ohm resistive load. Glitches tend to be symmetric, average glitch energy approaches zero. 


Typical Performance Curves 


A. Power Supply Current vs. Power Supply Voltage B. Power Supply Current vs. Temperature 


— —130 = 
z z 
— — 
= -110 Fa 
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~47 —5.2 —5§7 ge 25° 50° 75° 


POWER SUPPLY VOLTAGE (V) 
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100° 
AMBIENT TEMPERATURE (°C) 


127 


TDC1318 aatw 


C. Current Gain vs. Temperature | - : D. Output Current vs. Applied Voltage 
(Output Voltage Compliance) 


—1.2 +15 
0c Voc DATA = LOW 
25 5 a 26°C 
z E 
< 2 
= 25.0 = 
oe o DATA = HIGH 
om } — : 
© = 
24.5 = 
eS 
0° 25° po? = 75°—«(100° -3 -2  -1 0 1 2 3 
AMBIENT TEMPERATURE (°C) APPLIED VOLTAGE 


E. Vout Risetime (Scope Photo) Video “Black—to—White” Transition. 


CONV 
(500 mV/div) 


—— WHITE 


louT- 
200 mVidiv 


———- BLACK 


~<g— 2 ns/div —e 


F. Vau7 Falltime (Scope Photo) <a | 
eae : Video “White-—to—Black” Transition. 


CONV 
(500 mV/div) 


—— WHITE 


louT- 
200 mVidiv 


————- BLACK 
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Typical Interface Circuit 


Figure 7 shows the basic connections to the TDC1318 as it dynamic performance. Using the OUT- terminals, a “sync | 
might appear in a color CRT graphics system. The device is down” waveform will be provided at the monitor inputs. The 
powered from a single —9.2 Volt power supply and is unused outputs (in this case QUT +p, OUT+G and OUT +8) 
connected to separate analog and digital grounds. All digital should be connected to analog ground through 37.5 Ohm 
inputs are single-ended and ECL compatible. Standard ECL resistors. 

termination practice should be used with all digital inputs to 

the TDC1318. The series resistor network between the REF+ The TDC1318 can be operated in TTL systems by connecting 
input and analog ground is useful for adjusting the overall gain the Vcc inputs to the +5 Volt power supply and the Vref 

of all three D/A converters. inputs to ground. Digital input and analog output level—shifting 


techniques described the TRW Application Note TP-33 “Using 
In this application, all three D/A converters are connected to The TDC1018 And TOC1034 In A TTL Environment” should be 
drive 75 Ohm lines to inputs of a color monitor. Source and followed. 
destination terminating resistors are required for optimum 


Figure 7. Typical Interface Circuit 
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Deg 
Dég 
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Dap 
D3p \/ 
BLUE Dap 
DATA Dsp 37.5 
D 
6B ul 
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75 OHM LINE 
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75 — 1 
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\/ 
cOMP 
2700pF 
Veep VEEA CERAMIC 
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Calibration _ The circuit of Figure 7 is best calibrated by enabling % 


The TDC1318 is easy to use and calibrate. The Typical 
Interface Circuit (Figure 7) has only one adjustment. 
The variable resistor in the series network connected to. 
REF+ will allow a +10% variation in the overall gain of 
the device. Since all three D/A converters are operated 
from the same reference current, adjusting the variable 
resistor will change the gain of all three D/A converters. 


either BLANK or SYNC and adjusting the reference 
current until the voltage at the monitor input is —781mV 
(BLANK) or —1071mV (SYNC, green channel) with 
respect to analog ground. Depending upon system to~ 
system matching requirements, a fixed value resistor © 
(approximately 1.1kOhm) may be connected between 
REF+ and analog ground eliminating the need to 
calibrate the TDC1318 at all. » 


Ordering Information 
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| Product 


Package 
Marking 


1318B5C 


STD-Tyj=0°C to 70°C 40 Pin CERDIP 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right . 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Number 
TDC1318B5C 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LS] Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Digital-to-Analog Converter Features 
Triple 4-Bit, 200MHz e Complete Monolithic ‘Graphics-Ready’’ 


The 1DC1334 consists of three separate 4-bit D/A Hee alte POINenels 


converters in a single monolithic integrated circuit. The Registered Data Inputs 
TDC1334 is designed for 20QMHz operation and is ECL Registered SYNC, BLANK And BRIGHT Controls 


compatible. Each of the three D/A converters has On-Board Voltage Reference 
complementary current-sinking outputs that can directly Linearity Error Less Than 1/8 LSB 
drive 75 Ohm lines. ~ 

Guaranteed Monotonicity 
Z200MHz Operation, ECL Compatible Inputs 
Can Be Operated In TTL Systems 
Complementary Current Outputs 
Single —5.2V Power Supply Required 
Available In A 28 Pin CERDIP Package 


Video controls, SYNC and BLANK, are included for 
setting video output levels during synchronization and 
CRT blanking intervals. BRIGHT, a 10% brightness 
enhancement control, is useful for emphasizing portions 
of a CRT display and for cursor identification. All data 
and control inputs to the 1DC1334 are internally 
registered on the rising edge of the clock (CONV). 


Applications 


A single band-gap voltage source is the reference for all © Raster Scan Displays 
three D/A converters and a single external resistor 
determines the reference current. The pinout of the = Bib wiapped Graphics 
TDC1334 allows for optimum board layout and minimizes ° PC Graphics Systems 
digital feedthrough. Analog and digital grounds are kept © ® CAD/CAM Workstations 
separate for maximum system ground flexibility. 


Functional Block Diagram 


a aa 
BRIGHT -_ 
15 
15. 
15 


OUT+¢ 
|, | SEGMENT AND CONTROL 


Dig-D4g CURRENT SWITCHES 


REGISTER 


CURRENT SWITCHES 


aes wre 
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| | SEGMENT AND CONTROL 
| | 


Din-Dgp CURRENT SWITCHES 


ouT- 
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REFERENCE 
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Pin Assignments 


VEEA VEED 


REF + Dap (B LSB) 
COMP Dap 

BLANK Dop 

BRIGHT Dip (B MSB) 


| 

— 

= 

+ 

ow 
a . : 
e eo o~ OO ol PWN — 


Dap (R LSB) 

OUT-B D3R 
OUT+p Dor 
OUT-p Dyp (R MSB) 
OUT+¢ Dag (G LSB) 
OUT-¢ 11 D3g 

SYNC 12 Dog 

CONV 13 Dig (G MSB) 

Veca 14 Veco 


28 Pin CERDIP ~ B6 Package 


Functional Description 


General Information 


The TDC1334 has three pairs of complementary analog 
current outputs for directly driving the 75 Ohm red, 
green and blue inputs of a RGB color video monitor. The 
amplitude of the current flowing into each output 
terminal is proportional to the product of the 4-bit input 
data and the analog reference current. All digital inputs : 
are compatible with standard (10K) ECL logic levels. The 
rising edge of CONVert clocks all data and control bits 
into an internal register. These binary data values are 
then converted into analog output current by a set of 
matched current switches. 


- Power 


For optimum noise immunity, the TDC1334 operates from 
separate analog and digital power inputs, VEFA and 
VEEp, which require —5.2V. These may be connected to 
the same power source but power supply decoupling for 
each power input is recommended. The return path for 
IFED. the current drawn from the Veep supply, is Vccp. 
The return path for IEFA is Veca. All power input pins 
must be connected. 


Although the 1DC1334 is specified r a —5.2V supply, 


operation from +5V Is possible, provided that the correct - 


polarity of all voltages are maintained. For additional 


information concerning the use of ECL D/A converters in © 
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a +5V system, refer to TRW Application Note TP-33 
“Using The TDC1018 And TDC1034 In A Tit 
Environment.” 


~ Reference 


The 1DC1334 has an on-board band: -gap voltage source 
(—1.4V, nominal) that is referenced to Vcca. The 
reference input, REF+, is the noninverting input of the 
reference amplifier. This amplifier provides a reference 
voltage for all of the Current switches. 


The analog output currents are proportional to the digital 
data and the reference current, IRF. The full-scale 
output value may be adjusted by varying the reference 
current. Since the reference can be varied dynamically, 
the stability of the analog output depends upon the 
stability of IREF. 


A compensation input, COMP, is provided to externally 
compensate the internal reference amplifier. A capacitor, 
Cc, should be connected between COMP and VeEa. 


Video Controls 


The TDC1334 has three video control inputs: SYNC, | 
BLANK and BRIGHT. Internal logic simplifies the use of 
these controls in video applications. All are ECL 
compatible and include internal: pull-down resistors to 
force any unused contro! to the inactive state. The video 
controls are registered on the rising edge of the CONV 
clock input. Video control inputs must be valid a set-up - 
time, ts, before and a hold time, ty, after the rising 


edge of CONV. 


Asserting the video controls produces output levels for 


synchronization and blanking intervals, and 10% 


brightness enhancement. The effects of the video 
controls on the analog outputs are shown in the /nput 
Coding Table. SYNC overrides data, BLANK and BRIGHT, 
producing a full-scale output on OUT—g and OUT+¢ 
only. BLANK overrides data and BRIGHT producing a 


“blacker than black’ video level on all three D/A 


converters. BRIGHT creates an enhanced video level by 


_ adding 10% to the present value of the red, green and 
‘blue data. 


Data Inputs 


The data inputs to the 1DC1334 are single-ended and 
ECL compatible with internal pull-down resistors to force 
unused pins to the inactive state. The names, red, green 
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Data Inputs (cont.) Analog Outputs 
and blue, are arbitrarily assigned to the three D/A The red, green and blue analog outputs of the TDC1334 
converters but the SYNC control affects only the one are each high-impedance complementary current sinks 


named green. The four data bits for each D/A converter © whose currents vary in proportion to the input data, 
are decoded prior to being latched in the data register, video control inputs and reference current. All outputs 


reducing glitch energy caused by small differences in | are capable of directly driving 75 Ohm lines to normal 
propagation delay (skew) in the path to the current video levels. The voltage produced across the load is the 
switches. On the rising edge of CONV, all data is product of the output current and the net load 
synchronously transferred to the three D/A converters. impedance. This voltage varies between 0 and —1V 
Data must be valid for a set-up time, ts, before and a when driving a 75 Ohm line with source and destination 
hold time, ty, after the rising edge of CONV. termination. The OUT—g terminal will produce a ‘‘sync 
down’ waveform while the QUT+@¢ terminal will produce 
Convert a ‘‘sync up’ waveform. SYNC applies only to the green 


channel (QUT—¢, OUT+@). There is no SYNC circuitry 

for the red and blue channels. This results in no SYNC 

offset on the OUT+p and OUT+.p terminals. The Input 
Coding Table shows this effect. 


The TDC1334 CONV clock is a single-ended ECL 
compatible input whose rising edge i's used to 
synchronize the internal data transfer from the data 
encoder into the current switches of the three D/A 
converters. 


Package Interconnections 


Signal Signal 


Type Name B6 Package Pins 


0.0V | 14 
0.0V 15 
—5.2V c= al 
—5.2V 28 


1.17mA Nom. 2 
2700pF 3 


Video Sync Input C 
Video Blanking Input ECL 4 


Power VecA 


Veep 
VEEA 
VEED 
Reference REF + 
COMP 


Positive Analog Power Input 
Positive Digital Power Input 

Negative Analog Power Input 
Negative Digital Power Input 


Reference Current Input 
Compensation Capacitor 


m™m 


— 
i) 


Video Controls SYNC 
BLANK 


OC} © 
—_— 
G) 


BRIGHT Brightness Enhancement Input | 5 

Data Inputs Green Channel MSB Data Input 16 
26 i 

D3 ECL 18 
Green Channel LSB Data Input 19 
Red Channel MSB Data Input ECL 20 
Dor ECL 21 

z 
| Dap Red Channel LSB Data Input ECL 23 
| ips Blue Channel MSB Data Input 24 
% 
D3p ECL 26 

Dap Blue Channel LSB Data Input ECL 27 


TRW LSI Products Inc. 133 


TDC1334 Tri 


Package Interconnections (cont.) | | 7 


Input Coding Tables 


Signal 1 Signal on ae 
Type a Name B6 Package Pins 
Convert | | CONV | Convert (Clock) Input AB ee 
Analog Outputs | | QUT—¢ Green Channel —Output Current 11 
|. — OUT+¢ “Green Channel+Output Current 10 
OUT—p Red Channel —Output Current g 
| OUT+R Red Channel + Output Current 8 
OUT—p Blue Channel—Output Current - 7 
i Lee : 


_  QUT+p Blue Channel + Output Current Figure 2 
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Green Channel (OUT-¢. OUT +) 


Tauawe [-ancir| oATA | tour | Vour—tw | fours a [Vours 
0 


Description 2 


0 Enhanced White 

0 —73 Normal White 
0 — 654 Enhanced Black -- 

0 ~728 Normal Black 

0 —781 ~~ Blank Level 

1 — 1071 


Sync Level 


Red and Blue Channels (OUT—p, OUT—p, OUT+p, OUT+p) 7 


SYNC | BLANK Vout — (mV) | Igur + (mA) 
| 0 0 


Description 
Enhanced White 


0 Normal White 
0 Enhanced Black 
0 Normal Black 

1 Blank Level 

X Blank Level 


Note: - 1. Voyt is measured across a 37.5 Ohm load resistor connected between the output terminal and Vocg. 
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Figure 1. Video Output Waveforms Ail OUT— Terminals 
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-73 


OUT-¢ 
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Vout—(mV) ; : : : oe 
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Figure 2. Video Output Waveforms For All OUT+ Terminals 
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Figure 3. Timing Diagram 
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CONTROLS 
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Figure 4. Equivalent Input Circuits 
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VEEA 
Figure 5. Equivalent Reference And Output Circuits Figure 6. Output Test Load 
CURRENT CURRENT TEST LOAD: 
SWITCH #1 SWITCH #N 
eS => SS a 7 OUT+ VIDEO OUT 
! , a col OUT- 0 TO -1 VOLT 
—O oUT- 
| C R 
REFERENCE | ; | | L L 
AMPLIFIER | 1 | 1 < 5pF 37.5Q 
a eee ee “I 1 of I 
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136 TRW LSI Products Inc. 


TDC1334 arty 


Absolute maximum ratings (beyond which the device may be damaged) | 


Power Supply Voltages 


Visa IMCS: OPV (ora ceases cas ctsG Ratatat cate Sates eiphcuc de rune wr aetna aap amae RES +0.5 to -7.0V 
Weep MSU COE gy ce caste ce acetal ghee ht lec cae Oc etl ede aaa tl tt +0.5 to -7.0V 
MESA lI BSUIOML COV py pp) seaxtctcassssnusssoansns vi ccenaniaestdhacoayasndebalueavavbsd aes bcasl vhs eat vaatu Sastansotl ates akan edortertepiaaeueaateae +0.5 to -0.5V 
Vp A AIMEGSUNGE EG: Wee iy) csssesaasivssnsatisaeaszicesbninesc diz astyeemstiitu eases lana ataciesans vo as seat yseitbasvureenad a cluaseen eee caveatpuabe igsiah nic asia +0.5 to -0.5V 
Inputs 
Digital Inputs, applied voltage (measured to Voc)? .rmemmnetmsnninntinentutneitanesnsinsninsesiainiatinastaisiasstisisi +0.5 to VeepV 
REF+, applied voltage (measured to Vocal iii sattateetatbecteh ican Dias tvatiasssauseseasraattens Moestce bat dette cyenesterune endear eLe ece EEE +0.5 to VeraV 
REE We seippolth = CUNT 6 cet accesses ak cebecasedte vealed aa ected deren ov eee aves eavateecceit 6.0mA Gu 
Outputs 
Arapilio volterae(rieerstired AO" Varia) 6 acest te ect el etcetera papedoelti zee cheb atac cc claaedtateca +2.0 to -2.0V 
PARDON EMSIRS deeb dees ect ace sete coset ens eases atbec etch estenes ea esue ees actin re Sancta ta eA Noe OA, 50mA 
SSPIOUL GUT CUINE: “CILIF EAUU ON) ssa riz cosas salsa spzntssi iranceece owes pu vv toei dv SSiape roasts do Nast ceeded sasbeaig coat ot cecae aga bese ara NE ee a ea each ouaea dy dade aeduet Unlimited 
Temperature 
COP r LUNACY; APTAIDIBINL eth staan tases esac Nesconset caee lathes daha cas adie tebs tac aa gcse eeseei enea asses candace -60 to +140°C 
RSM CUED ses ease caeteccbaette cc Peed scceata fechas cen agate seca orhecScoey acuta cane taaats ce cpctuns cle Pataca dustbin elds tccevdc seas eseuetanals oak ateasinaade xe nvsa ua eemeaeeee + 175°C 
LBL: SOUGLING 4 EE SSI ORIULS)-cctvy iagavss neat assess lssssh vests sicsliiaps@anahitaesun Uses eeavedsvtbubsauce oats Toca elses et ass cases bdd open digp a usaste nseen cease octans recesa ded +300°C 
LOR AE ech. tt Sia inaasiasiaaea setae esosh ca cst ieatarac ont artic Aisi ate hada en tattetaan aces io abiesraatedet ates lastspadiaenninataaMauadonauseead -60 to +150°C 
Notes: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current when flowing into the device. 


Operating conditions 


| Temperature Range 
Parameter 


VeED Digital Supply Voltage (measured to Vec¢p) | nar | 82 | 
VEEA Analog Supply Voltage (measured to Vea) SAD 82 


Units 


Veca-Yecp Supply Voltage Differential 


Veea~Verp Supply Voltage Differentiai Se 
Vit Input Voltage, Logic LOW ol 
tPwH CONV Pulse Width, HIGH a er es a 
t Hold Time, Digital Inputs ns 
H vel ee 

IREF Reference Current 1.00 1.17 P1380 | mA 
Ce Compensation Capacitor | 1000 | 2700 ae pF 
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Electrical characteristics within specified operating conditions 


Temperature Range 


- Parameter _. Test Conditions 


lcEA + lee Supply Current Veea = Veep = Max, static | 


Ty = O°C to 70°C 


Ro Output Resistance . Poof kOhm 
Co Output Capacitance | 7 a a pF 


Ig Max Output Current Vega = Nom, SYNC = HIGH 30 mA 
Voc Compliance Voltage Measured to Veca +15 V 


lit Input Current, Logic LOW Data, CONV Vern = Max, Vin = -1.49V 135 LA 
WH Input Current, Logic HIGH Data, CONV Veen = Max, Viy = -1.045V 150 LA 
lic Input Current Video Controls Very = Max, -1.045<Viy< -1.49 380 LA 


Cere Input Capacitance, REF + fe ee pF 
Cin Input Capacitance, Digital aaa Sa pF 


Notes: 
1. Worst case over all data and: control states. 


Switching characteristics within specified operating conditions 


Temperature Range 


Standard 
Parameter Test Conditions | Min | Max | Units 
Fe Maximum Data Rate Veen, Veep = Min Pe MHz 
ty Clock to Output Delay Veea Veep = Min ee aS ns 


tp Rise Time, Current 10% to 90% of Gray Scale lt ee ns 
te Fall Time, Current 90% to 10% of Gray Scale Et ee ns 


toey ‘Current Settling Time | Vega, Veep = Min, to 3.2% = Pie ie re 
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: FAX 
System performance characteristics within specified operating conditions 
Temperature Range 
Standard 
Parameter Test Conditions | Min |) Max Units 
EN Linearity Error Integral Veen: Veep: Iper = Nom ; ta | % of Gray Scale 
Eip Linearity Error Differential Vega: Veep. Ipep = Nom a % of Gray Scale 
lor Output Offset Current Veen, Verp = Max, SYNC = BLANK = LOW LA 
Data = BRIGHT = HIGH, OUT- Terminals 
Eg Absolute Gain Error Vera, Veep = Min aa a % of Gray Scale 
Ce Gain Error Tempco laep = Nom Pf % of Gray Scale/°C 
PSRR Power Supply Rejection @20kHz, Vera, VeEp. IReF = Nom | Pas] dB 
60H, VeEs Veep. 'ner = Nom? = ee ee D 
PSS Power Supply Sensitivity Veen, Veep. Ipep = Nom Pf 00 LAN 
Gc Peak Glitch Charge? ae B00 fCoulomb 
G Peak Glitch Current le Nel mA 
Ge Peak Glitch Energy (Area) 4 ae SS pV—sec 
Notes 


1. 20kHz, 0.75 Volts p-p superimposed on Ve¢, and Veep. Units (dB) are relative to full gray scale. 
2. 60Hz, 0.75 Volts p-p superimposed on Ver, and Veep. Units (dB) are relative to full gray scale. 


3. {Coulomb = femtocoulombs = microamps x nanoseconds. . 
4. 37.5 Ohm resistive load. Glitches tend to be symmetric, average glitch energy approaches zero. 


Typical Performance Curves 


A. Power Supply Current vs. Power Supply Voltage 
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B. Power Supply Current vs. Temperature 


VEEA=VEED= —5.2V 


0 25 
TEMPERATURE (°C) 


50 


75 
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C. Max Output Current vs. Reference Current Dp. Output Current vs. Output Voltage 
_ (Output Voltage Compliance) ~ 
50 = awe aa 5 
VeEA=VEED=-52V | 
SYNC=HIGH | | 0 


! OUT- TERMINAL 
= 7 AMIN 
E az -5 
hm = 
& 30 = _ 

Lad 
5 = OUT-g TERMINAL 
- . 3 BRIGHT=HIGH 
= = DATA=HIGH 
5 20 = VEEA=VEED= -5.2V 
o > 
2 SoS -15 
= OPERATING 

10 : RANGE 
_ | a raf 
Oct 8970°C 
25°C 
0 , : : : , 
0 100 200 400 600 800 1000 1200 1400 1600 1800 1900 -3 -2 +1 0 1 2 
REFERENCE CURRENT (A) APPLIED VOLTAGE (OUT—g TERMINAL, MEASURED TO Vcca) 


E. Vout Risetime (Scope Photo) Video “Black-to-White” Transition. 


CONV 
(500 mV/div) 


—— WHITE 
louT- 
200 mVidiv 
—— BLACK 
<—— 2 nsidiv —p> 
F. Vout Falltime (Scope Photo) 
Video “White-to-Black” Transition: 
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Typical Interface Circuit 


Figure 7. shows the basic connections of the TDC1334 as it 
might appear in a color CRT graphics system. The device is ~ 


powered from a single —5.2 Volt power supply an 


d is 


Connected to separate analog and digital grounds. All digital 
inputs are single-ended and ECL compatible. Standard ECL 
termination practice should be used with all digital inputs to 
the TD0C1334. The series resistor network between the REF + 
input and analog ground is useful for adjusting the overall gain 


of all three D/A converters simultaneously. 


In this application, all three D/A converters are connected to 
drive 75 Ohm lines to inputs of a color monitor. Source and 
destination terminating resistors are required for optimum 


dynamic performance. Using the OUT- terminals, a “sync 
down” waveform will be provided at the monitor inputs. The 
unused outputs (OUT+p, OUT+g and OUT+Rp in this case] 
should be connected to analog ground through a 37.5 Q 


resistor. 


The TDC1334 can be operated in TTL systems by connecting 
the Ver inputs to the +5 Volt power supply and the Ver 
inputs to ground. Digital input and analog output level-—shifting 
techniques described the TRW Application Note TP-33 .“Using 
The TDC1018 And TDC1034 In A TTL Environment” should be 
followed. 


Figure 7. Typical Interface Circuit 


Dip 
RED Don 
DATA é 
3R 
Dar 
Dig 
GREEN Dog 
DATA Dag 
Dag 
Dip 
BLUE Dog 
DATA D3p 
Dap 
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CONTROLS BLANK 
BRIGHT 
CLOCK CONV 
VEED 
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\/ 
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COMP 
2700pF 
VEEA CERAMIC 
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Calibration OO 
The TDC1334 is very easy to use and calibrate. The calibrated by enabling either BLANK or SYNC and 
Typical Interface Circuit (Figure 7) has only one ~ adjusting the reference current until the voltage at the 


adjustment. The variable resistor in the series network monitor input is —781mV (BLANK} or —1071mV (SYNC, 
connected to REF+ will allow a +10% variation in the © green channel only) with respect to analog ground. - 
overall gain of the device. Since all three D/A converters | Depending upon system to system matching requirements, 
are operated from the same reference current, adjusting a fixed value resistor (approximately 1.2kOhm) may be 
the variable resistor will change the gain of all three D/A connected between REF+ and analog ground eliminating 
converters simultaneously. The circuit of Figure 7 is best the need to calibrate the TDC1334 at all. 
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| Package 
Marking. 


1334B6C 


Product 
Number 


sto—tqnore wo 18 2 Pin CERDP 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice: This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Linear Products TWitia 


TRW provides a selection of linear products that support and enhance the performance of our data 
conversion products. 


Voltage references are needed by all A/D and D/A converters. These may be included in the converter 
(as with the THC-series from TRW), may be derived from the power supply (not very stable or quiet), 
or may be provided externally. A converter is only as good as its reference. For the most demanding 
applications (such as with the TMC1241/TMC1251 family) the 3ppm/°C TMC4169 is excellent. For 
less demanding applications (4-10 bits) the TDC4611 and TDC4614 provide a cost-effective solution, 
and offer the convenience of integrated amplifiers for reference shifting and buffering. 


A Track/Hold circuit can usually improve the performance of a flash A/D converter at high input 
frequencies. Depending on your system performance requirements, the THC4940 may be just the thing 
to extend signal bandwidth and reduce distortion. 


TRW’s D/As are designed to drive terminated lines (with impedances as low as 25Q) directly. At times, Cm 


however, an amplifier is needed. The THC4940 is the best high-speed high-voltage video bandwidth 
buffer available. 
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Linear Products a 


Temperature 


Output Tolerance! —_ Coefficient a ee ae 
Product Voltage (V) (+%) (ppm/°C) Package Grade 2 Notes Page 
References _ | | | 
TDC4611.—s -0.7 to +6.3 N/A ~ 20 B4, NH - 8 Pin DIP C.F Adjustable. BO Ne C23 
r ME 14 Pin SOIC © G--, Includes Operational Amplifier. 
TDC4614 +1.2 to +63 N/A 20 B9,N9 16 Pin DIP C,F  . Adjustable. a C41 
. M9 16 Pin SOIC C Includes 4 Operational Amplifiers. 
TDC4169-3 + 10.000 - +0.05% 3 Y8 8 Pin Metal Can C, F High Precision. — C3 
NH 8 Pin DIP Gs Laser Trimmed. 
-2 + 10.000 +0.05% 5 Y8 8 Pin Metal Can C, F 
. . . NH 8 Pin DIP C 
-1 +10.000 — +0.05% 10 NH 8 Pin DIP C 
~+10.000 - +0.10% 30 MH 8 Pin SOIC C,-F 
NH 8 Pin DIP Bias 
23 3 Pin Plastic C 
Input 
—3dB Slew Settling Offset Gain 
Bandwidth Rate Time ! Voltage ' Flatness ; 
Product (MHz) (V/ns) (ns to .1%) (mV) — (dB) Package Grade 2 Notes Page 
Amplifier 
THC4231 120 1.8 22 4.5 0.6 X1 12 Lead Metal Can C, V Current Feedback. Constant C11 
Bandwidth with Gain changes. 
~3dB Acquisition Settling Pedestal Aperture 
Bandwidth Time | Time ' Offset' Jitter | 
Product (MHz) (ns to .1%) (nsto 1mV) (mV) (PSRs) Package Grade 2 Notes Page 
Track/Hold 
THC4940 110 22 18 8 1.6 X2 24 Pin DIP B, A Very Fast Sampling. C59 


Wideband T/H Amplifier. 


Notes: 1. Guaranteed. See product specifications for test conditions. 


2. A=High Reliability, Te=—55°C to 125°C. 
B= Industrial, Te= —25°C to 85°C. 
C=Commercial, Ty =0°C to 70°C. 
F=Extended Temperature Range, Tp = —55°C to 125°C. 
V=MIL-STD-883 Compliant, Te = —55°C to 125°C 
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Precision +10.000 Volt Voltage Reference 


The TDC4169 is a voltage reference offering exceptional Features 

accuracy and stability over a wide range of temperature ; 

and power supply conditions. The TDC4169 produces a ° Initial Voltage Accuracy 0.05% 

reference voltage of +10.000 Volts generated from a power © Temperature Stability 1.5ppm/°C, Guaranteed 
Supply input voitage from +13 to +17 Voits. Tne TOC4169 e Power Supply Rejection Better Than Zppm/V 
also operates from a current source of 2mA. © Very Low Noise 


Laser-trimmed temperature compensation circuits reduce - net 
the temperature coefficient of the output voltage to Applications 

ippm/°C. The TDC4169 is trimmed by cutting resistors e High Resolution A/D Converters 
open to eliminate the effect of ageing caused by © Precision Offset Contro! 
electromigration on the integrated circuit. The device also | 

exhibits exceptional stability as supply voltage and current 
are varied. The reference can be operated either in series . . 
or in shunt mode and the output !s short circuit protected. Functional Block Diagram 
The device is available in three package styles: 8-pin metal 
can, 8-pin plastic DIP, 8-pin SOIC, and 3-pin plastic TO-92. 
In all packages but the TO-92 there is an additional pin that 
can be used as a fine adjustment to the reference voltage. 
The TDC4169 Is available in both commercial (0°C to 70°C) 
and military (-55°C to 125°C) temperature ranges. 


21511A 


Pin Assignments 


TRIM 


21513A GND Vout 

GND 21512A 21514A 
TOP VIEW 
TOP VIEW TOP VIEW 
8 Pin Plastic DIP —- NH Package 

8 Pin Metal Can — Y8 Package 8 Pin Plastic SOIC — MH Package 3 Pin Plastic — Z3 Package 

3 
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Functional Description 


The THC4169 precision voltage reference is based upon an 
internal buried Zener diode and output amplifier. The 
amplifier serves several functions in the THC4169 including 
gain (Ay = ~+1.47), temperature coefficient compensation | 
and output current source or sink. Advanced trim 
techniques applied to thin-film resistors establish the 
initial accuracy of the THC4169 and ensure long-term 
stability, low noise, and low sensitivity to variations in 
temperature and input voltage. 


The V+ pin supplies the power to the sul When used 


-_ In series mode, the potential at this pin should be between. 


+13 and +35 Volts. When used in shunt mode, the current 
through VN must be limited to o0mA. The GND pin serves 


as the zero Volt reference point for the circuitry of the - 


TDC4169 and as the current sink for the V+ current. Tne 
VQUT pin-provides +10.000 Volts referred to the GND pin. 


The TRIM pin can be used to adjust the VOUT voltage 
slightly ( approximately 15mV per pA of current flowing 
into TRIM). This pin can also be used to filter the reference 
noise by the adding a low- leakage capacitor connected 
from TRIM to GND. 


There are several pins which are used at the factory to 
adjust output voltage and temperature coefficient. These 
pins should be left unconnected and may be removed nom 
the package if desired. 


Package Interconnections 2 


Signal Pin . - Pin 

Type (Z3 aaekanel NH, MH, Y8 Package 

Power, Ground ee Power Supply ae: 
| a os 

Output VOUT. Reference Output — 10.000V a eee oe eee 

Input _ TRIM Fine Adjust of Your a pe: a 

No Connection eo Co 1378 

dco maximum ratings (beyond which the device ey be ae 

Supply Voltage (V+ amie to GND) sossussssssencenssssssenencensnnssessenscnssnsseseengeeconsuseseseecssosensuessonenteossssssssesssssssssscersarcesansesssestessnassiesssssensnaseseeets —O-3 £0 35V 

Reverse Current (Shunt mode) .............-ssscsssssscsssssescnsessessnssssssonssesessssesossensesaesesessssssenssees I eerie none err rae 5mA 

POWOr DisSipatiOIy .gcozsscsssesevsssscessnssee’ssccsenavassensnseucvicuinncdvascsssssnipasshicanndess censuses chennai stacey adh neDEes elses cbse a tncuarunctana vtesdSat ainceccsinantgs 600mW 

Storage Temperature Range Lamune susiseulocbesbyaus tu sabi iota chasastetuuscaicestvasvacdau yeh saussuurencls oujneztautonseadaseseutencctsneat —60°C to +150°C 

Soldering Information | ~ 3 
NH Pa ekdge-(10 SOC OmMGS) sisisiccsicvecesseicsoscsscsuwasscsasodovessapcosnesentaensastisstesadeueseaeaneivovennantsteargensnaisestuantiaatts Lenser oaks +260°C 
Y8 Package (10 S@CONGS) .......cssssssessssseeesesen Mra eka Manoa issces oni tesa eed st aboot cteortuncci tte fe hte ee teria +300°C 
MH Package, Vapor Phase (60 seconds). siya eceaasuascesbacs asiadsasecusaedacaase eta raseseaustaans dovnasta tens Uamaaalaned eae basaaeeanivibomesenecaewiaton +215°C 
MH Package, Infrared (15 seconds)............... eeesesensnsssoseccenenusnusssssonsngeceuouasosesnnconsassasssssennsneneusessssssseosssansacensuansnssssenssaneesosna +220°C 

ESD Tolerance 100 pF, 1.5 kQ, Human Body Model .....csssssssssssssssssssssnestsnteussnetsetsnsessssntissteasesstemesapsnaestngriansnesasteanesansseesseseese BOOV 
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Operating conditions 


Parameter 


V+ Power Supply Voltage 


louT Output Load Current eee as eae en 


CL Load Capacitance 


Ty Junction Temperature (F-grade) 
TJ Junction Temperature (C-grade) 


Unit 


mA 
mA 


Parameter Test Conditions 


I+ Power Supply Current9 -1,-2,-3 grades 


MHC, NHC, Z3C 
Al+y _ I+ Sensitivity, V+ = 13 to 30 Volts 
(Al+ vs V+) 9 -1,-2,-3 Grades 


mA 


| Max] Min | Typ | Max | 
-20 | 
et 
i gee 
ra 
Ze a a ee 
re [a | a | | ma 
tl 
es ee 
ees ea, a 
fas es 
fee ed 


°C/W 
oC/W 


MH Package 
Z3 Package 


wm} BRO] NO om 

ot, NIN] © = 
oO bs = | 
co 


MHC, NHC, Z3C mA 
Isc —- Short Circuit Current9 —1,-2,-3 Grades 
MHC, NHC, Z3C mA 
6jJc Thermal Resistance, Y8 Package 75 °C/W 
Junction to Case 
6jA Thermal Resistance, Y8 Package °C/W 
Junction to Ambient NH Package °C/W 
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System performance characteristics within specified operating conditions '.> 


Parameter _ | Test Conditions | Typ | Max| Min | Typ | Max | Unit 
VouT Output Votage? -1,2,-8 Grades ater are ae 
a 
AVOT Temperature Coefficient a tate ee ppm/°C 
(AVouT/ATemp)479 | -2Grade | | | || || mc 
P-tGraee | | 8 | |||‘ mr 
wre nec zc Ps fi _—i mic 
AVOy eoweesupath Sensitivity, ee 
Line Regulation, 20 | eo | | 20 | 80 | ppmv 
voraves [aie ae —[ [ae aes | i 
AVOls Load Regulation, | tgyr=Ototma | | FP 
 (avour/alours)2688 ['=1,-2.-86rades | | 3 | mo | | 30 | a0 | ppmina 


MHC, NHC,Z3_—— [| 30 | a0 fT |_| min 

AVO|. Load Regulation, 'OUT = 0 to—-10mA ppm/mA 
(AVguT/ Algut-) 268 

AVOy Long-Term Stability, 1000 Hours, Tj <TMAX 


Non-Cumulative, —1,-2,-3 Grades 


ppm 
ppm 


So ppm/uh 


| | ppm/pA 


le ppm/100mW 


—— ppm/100mW 
— ppm/100mW 


ppm/100mW 


(AVQUT vs time)7 MHC, NHC, Z3C 
AVOTRM TRIM Pin Sensitivity, 
(AVguT/ AlTRIM) wie NHC, Z3C 


AVOp_ Thermal Regulation, 10ms After Load Applied, 
(AVguT / APower) 3.8 Sourcing IQUT 
—1,-2,-3 Grades 


MHC, NHC, Z3C 
Sinking IQUT 


—1,-2,-3 Grades 
MHC, NHC, Z3C 


8 


_) 
-—) 
=| 


HYST Temperature Hysteresis | AT = 25°C 
of VOUT —1,-2,-3 Grades 
MHC, NHC, Z3C 


ppm 


VN Noise Voltage 10Hz to 1KHz 
0.1Hz to 10Hz 
10Hz to 10KHz 


Cfilter = 0.1 pF 


30 uVrms 
uVrms 
uVrms 


ad 
So o1; © So 
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Notes on specification tables 


1. Guaranteed specifications apply for Ty = +25°C, V+ = 5. Electrical characteristics are guaranteed only within 
+13 to +17 Volts, IQYT = 0.0 to 1.0mA, Cy <200pF, Operating conditions. , 


unless otherwise specified (Note 9). 
6. Measured at constant temperature using low duty 


2. The Class-B output stage of the TDC4169 will exhibit cycle pulse testing. Measurements are made on VQUT 
transients at its crossover point (when sinking pin, 1/8" from package bottom. Does not include 
approximately 1mA). It is advantageous to load the effects of heating such as VoyT Temperature 
output with a resistor to V+ or GND to avoid the Coefficient and Thermal Regulation. 
Oversea ee . 7. Consult factory for availability of THC4169 with 
3. The change in output voltage at a time, t, after a guaranteed long-term stability, lower initial VOUT 
100mW step change of power dissipation. accuracy, or lower Temperature Coefficient. 
4. Worst-case change in VQUT measured at specified 8. When sinking current, a 0.1pF tantalum capacitor Cz 


temperatures divided by the total span of the should be connected between VguT and GND. 
temperature range. Specified temperatures are not 


necessarily at the extremes of the temperature range. 9. Specification guaranteed over full temperature range. 
Typical Performance Characteristics 
A. Quiescent Current vs B. Dropout Voltage vs Output Current 
Input Voltage and Temperature (Series Mode Sourcing Current) 
= 
5 
be > 
= | 
— a 
a x 
= a. 
cf — 
s = 
a a 
: g 
2 = 
re > 
3 5 
© 
o 
: oS 
INPUTVOLTAGE(V) ay OUTPUT CURRENT (mA)... 
C. Output Change vs D. Output Impedence vs 
Output Current Frequency 


100 


OUTPUT CHANGE (mV) 


OUTPUT CURRENT (mA) 5.19 
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Ripple Rejection 
vs Frequency © 


10 

Toor 
SEER RERaP 
A Ne a 
COC ere - 
SERRA AEP 
BREE 4002 
rane aes 
Rene Geaee 


0 
10 100 1K 10K 100K 1M 
FREQUENCY (Hz) 


1.0 


0.1 


RIPPLE REJECTION (% /V) 


21521A 


2 


Output Noise 
vs Frequency 


500 
a ee ee 
eee eee ew 


400 


300 


Ss 


OUTPUT NOISE (nV/VHz) 


| A 


10 100 103 = 104 10° 
FREQUENCY (Hz) 523A 


Temperature Coefficient 


-25°C 425°C 
55°C -5°C +70°C +125°C 


T.C.=1.6mV/(180°x10V) 
=8.9x10"7 =0.89ppm/°C 


OUTPUT VOLTAGE CHANGE (mV) 


~-715 0 +50 +100 +150 


“50s TEMPERATURE (°C) = *!25 


= 


SS | 


215254 


Start-up Response 


Your) 


TIM | 
ME Ms) 21522A 


Output Noise vs 
Filter Capacitor 


OUTPUT NOISE (Ven) 


0 0.0001 0.001 0.01 0.1 1 


FILTER CAPACITOR (PIN 5 TO GROUND) (pF) 
21524A 


J. sceeleate Coefficient 


OUTPUT VOLTAGE CHANGE (mV) 


-4 1. 
-75 -50 -25 0 25 50 75 100 125 150 


TEMPERATURE (°C) 
7 21526A 
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Applications Information 


The exceptional stability and low noise of the TDC4169 
make the device ideally suited to use as the reference for 
a high-resolution A/D converters and other precision 
analog circuits. | 
Minimizing Noise 

The TRIM pin of the 1DC4169 can be used to reduce 
broadband ncise by connecting a iow-ieakage 0.7 to 0.3pyF 
capacitor between TRIM and GND. The capacitor should 
exhibit low-leakage since current drawn from the TRIM pin 
alters the output reference voltage. For a temperature 
range of 0 to 50°C a polyester or Mylar dielectric capacitor 
is recommended. For higher temperatures, a polypropylene 
dielectric may be needed. To operate at temperatures up 
to 125°C a Teflon capacitor is recommended for its low- 
leakage characteristics. Ceramic capacitors should be 
avoided since they can convert mechanical stress and 


vibration into current via their piezo-electric characteristics, 


which will increase the noise voltage of the output 
reference voltage. 


Do Not Connect 


There are several pins labeled “DNC”. These are used in 
the manufacturing pr°Cess to trim the reference voltage 
and temperature coefficient of the TDC4169. These pins 
should be left unconnected and protected from leakage 
Currents and noise coupling. They may be removed from 
the package, if desired. A guard ring can be placed around 
the DNC and TRIM pins and connected to ground to further 
shield them from leakage and noise. This will effectively 
prevent AC transients from degrading the output reference 
voltage. 
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Output Loading 


The VQUT output can source as well as sink current, 
however the output impedance is greater when sinking 
current. When operating in shunt mode (reference is 
sinking current), a 0.1pF capacitor should be connected 
from the VQuT to GND. A tantalum capacitor is 
recommended. Although the output can sink as well 

as source Current, since the output has a class-B output 
stage there is a crossover transient when IQUT is close to 
0. In applications where IQUT is likely to pass through 0 It 
is recommended that the output be preloaded with a small 
bias current to avoid this transient. 


The TDC4169 is capable of output currents as large as 
+10mV, however there is an error induced in the output 
by the current passing through the parasitic resistance of 
the package pins. Larger currents also tend to cause the 
die to heat up, adding to the error in the reference output. 
For highest accuracy it is suggested that the reference 
current be kept below 1A. 


The device will not be damaged by a short circuit to ground 
or to the power supply, but if the device is at an elevated 
temperature, the additional power dissipation Is likely to 
raise the junction temperature above safe operating limits. 


TRIM Pin 


The output voltage of the TDC4169 can be adjusted by 
providing current to or drawing current from the TRIM pin. 
The nominal output voltage on the TRIM pin is +6.8 Volts. 
The reference voltage changes approximately 15 mV for 
each UA of current. Because of this sensitivity it is highly 
recommended that the TRIM pin be protected from noise 
and leakage, as these will have an adverse effect upon 
reference performance. The range over which the output 


ts adjusted should not exceed +10mV. Trimming over a 


lager range will result in a degradation of temperature 
coefficient. The expected degradation is about 1ppm/°C 
for each 10mV of trim. 
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Typical Interface Circuits 


The typical interface circuits shown below depict the . 
common configurations in which the TDC4169 is used. 


Figure 1. Series Regulator with Optional Filtering for | Figure 2. Series Regulator with Optional Trim for | 
Noise Reduction VouT Adjustment 


1370 30V | 43 T030V 


10.000V 


10.000V 
100KQ 
0.1uF 
LOW LEAKAGE OUTPUT 


ADJUST 
21516A 


21515A 


Ordering Information 


Product | Temperature Temperature Package Package 
Number Coefficient Range Marking 
TDC4169Y8F2 5ppm/°C 55°C to 125°C 8 Pin Metal Can 4169Y8F-2 
TDC4169Y8F3 3ppm/°C —55°C to 125°C 8PinMetalCan |. — 4169Y8F-3 
TDC4169Y8C2 5ppm/°C O°Cto 70°C | Commercial . | 8 Pin Metal Can 4169Y8C-2 


TDC4169Y8C3 3ppm/°C O°Cto 70°C 8 Pin Metal Can 4169Y8C-3 


TDC4169MHC 30ppm/°C o°C to 70°C Commercial 


8 Pin Plastic SOIC 4169MHC 


TDC4169NHC - 30ppm/°C O°C to 70°C 8 Pin Plastic DIP 4169NHC 
TDC4169NHC1 10ppm/°C O°C to 70°C 8 Pin Plastic DIP 4169NHC-1 
TDC4169NHC2 5ppm/°C O°C to 70°C 8 Pin Plastic DIP 4169NHC-2 
TDC4169NHC3 - 8ppm/°C —- O°Cto 70°C 8Pin Plastic DIP | — 4169NHC-3 
TDC4169Z3C —-20ppm/°C =| OC to 70°C 3Pin Plastic 4169Z3C 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves 
the right to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy 
TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 


to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. against all damages. 
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THC4231 


Wide Bandwidth Fast Settling Operational Amplifier 


165MHz Closed Loop Bandwidth 


The THC4231 is a wide bandwidth fast settling opera- 
tional amplifier designed specitically for high-speed, low- 


Gail applications. Ihe Op amp Gesigh is based ON CuUrTENt 
feedback architecture, a topology that eliminates the 
gain-bandwidth trade-off of voltage feedback designs 
while permitting outstanding high-speed performance. 


The THC4231 op amp is the ideal design alternative to 
low-precision open-loop buffers and conventional oscil- 
lation prone op amps. The THC4231 offers precise gains 
from +1.000 to +5.000 and linearity that is a true .1% 
— even in demanding 50 Ohm applications. Traditional 
open-loop buffers typically have a gain of .95 and lin- 
earity of only 3%. And open loop buffer settling time is 
usually specified with an unrealistically large load resis- 
tance or neglecting thermal tail effects. The THC4231 
current feedback op amp settles to 05% in 15ns with a 
100 Ohm load. 


Offsets and drifts were not ignored in the THC4231; the 
input offset voltage is 1mV and input offset voltage drift 
is only 10nV/°C. The THC4231 is stable and oscillation- 
free across the entire gain range and since It’s internally 
compensated, the user is saved the trouble of designing 
external compensation networks and having to tweak 
them in production. The absence of a gain-bandwidth 
trade-off in the THC4231 allows performance to be 
easily predicted. 


The THC4231 is constructed using thin-film resistor/ 
bipolar technology. The THC4231X1B Is specified over 

an ambient range of —25°C to 85°C, while the 
THC4231X1V operates with guaranteed performance over 
the —55°C to 125°C case operating range, is manufac- 
tured in facilities certified to MIL-STD-1772 and Is 
screened to MIL-STD-883 for military applications. Both 
are packaged in a 12 lead metal can (TO-8/MO-12 style}. 


Features 


e Current Feedback Architecture 
e 165MHz Closed-Loop -3dB Bandwidth 
e 15ns Settling To 0.05% 


e imV Input Offset Voltage, 10uV/°C Drift 
e 100mA Output Current 

e Excellent AC And DC Linearity 

e Available Tested To MIL-STD-883 


Applications 

e Buffer For Flash A/D Converter 

e DAC Current-lo-Voltage Conversion 

e Precision Line Driving 

e Low-Power, Low-Gain, High-Speed Applications 


Typical Performance 


Gain Settings 


1g0| 165] 130| 165] 150| 115 | MHz 
Cis[ 20] 25| 20/22 29 [ns 

Vis 
r 


Parameter 


-3dB Bandwidth 
Rise Time (2V) 
Slew Rate 

Settling Time (to .1%) 


Pin Assignments and Functional Block Diagram 
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Functional Description 


General Information 


The THC4231 op amp is based on current feedback. 
instead of the traditional voltage feedback topology. The 
use of the THC4231 is basically the same as that of the 
conventional op amp, including active filters and differ- 
ential amplifiers. (Refer to Current Feedback vs. Voltage 
Feedback: A Comparison for theory of operation.) 
However, to prevent oscillations, active circuit elements 
should not be used inside the feedback loop. 


~The THC4231 is designed specifically for low gain appli- 


~ cations. The best performance is obtained when the 
circuit is used at gains between +1 and +5. Unlike 
conventional voltage feedback op amps, the current 
feedback THC4231 bandwidth is relatively unaffected by 
the gain setting. Optimum overall performance is 
achieved and all specifications are guaranteed with a 
250 Ohm feedback resistor. 


Supply Voltage 


The THC4231 is designed to operate from +15V sup- 
plies although it can operate with supplies reduced as 
low as +5V. See Current Adjust for operation with 
reduced supply voltages. Low and high frequency decou- 
pling capacitors (3.94F and 0.1pF) should be connected 
in parallel from the +Vcc supply pins to the analog 
ground plane. The O0.1uF capacitors should be less than — 
0.15" from pins 1 and 9 while the 3.9uF capacitors are. 
within 1’ of these pins. | 


Collector Supply 


The +Vcc collector pins are connected to the +Vcc 
supplies via 33 Ohm resistors. High frequency decoupling 
capacitors of O1uF should be connected from +Vec 
collector supply pins to the analog ground. This resistor 
and capacitor combination provide optimum settling 
performance with minimum distortion. 


Current Adjust 


To regain the full bandwidth lost when operating with 
supplies below +10V, it is necessary to increase the 
Vec supply currents by shorting the +lc¢ adjust (pins 2 
and 8) to the respective +Vcc supply voltage (pins 1 
and 9}. The plot of bandwidth vs. Vcc shows the effect 
of shorting Ic¢ adjust pins to Vee supply pins. Care 
should be taken to not exceed the maximum junction 
temperature. For this reason, this technique must not be 
used with supplies exceeding +10V. For intermediate 
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_ values of Vcc, external resistors between pins 1 and 2 


and pins 8 and 9 can be used. When operating with 

+ 15V supplies, pins 2 and 8 must remain open-circuit. 
Case Ground | 

Case ground pins should be connected 1 to the system 

analog ground. 

Inverting and Non-Inverting Input 


To prevent output peaking, the ground plane should be 
removed from the pc board in the vicinity of the invert- 
ing and non-inverting input pins. 


Output 


The analog output is capable of swinging Vec—3V to 
—Vcc+3V at up to 100mA output current. To prevent 
output peaking, the ground plane should be removed 
from the vicinity of the output pin. 


No Connect 


The No Connect pin is not connected internally to any 
portion of the circuit. 


Pin Assignments and Functional Block Diagram 
(Bottom View) 
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Package Interconnections 


Signal Signal 12 Lead Metal Can 
Type Name Package Leads 
+Vec Collector Positive Collector Voltage 12 
Negative Supply Vorage 
—Vec Collector Negative Collector Voltage 10 
a 
Current Adjust +lec Adjust Positive Low-Voltage Adjust 2 
—Ice¢ Adjust Negative Low-Voltage Adjust 8 
input 
IN teverting 
Output Vout Analog Output | 11 
Absolute maximum ratings (beyond which the device may be damaged) ' 
Supply Voltages 
TENE (3 (9a thecet en cend a vba cat ta taal cset big nado dS ache EST sds oak oAPE ea aegis he EE Ses i cca a deoanetaaa rato + 20V 
Input 
INVEMtING aNd INOM-INVERUITG: MPUE: ic._sssszdarieeivecdnevevssdesvesesassoxsansaleos rte Mscssseaqunracd oat aehasyaoetadnsed Senden Ssseaaneeted See Diagram 
NEALE icra cadade seine vceose aca pe ace uns aab Pres pect sepa c nea aS tonneau As anna ana ene aR See Diagram 
PU ENN CAEN oo acasosusesuscne coe Rereanitet cect ese tess tence exes Buetube tes avon oa denna Sats pocea aaa cat euaP esac sirdancuueabassess snc acassnthas vet ators ag eater maa +100mA 
Temperature 
RPI EINNED ic AS ssc cee stesaceetcts esse kee toneceess ease atercecseeatetea costes ed sds sso tee awl bcos eau eth nsmbaes eas —65 to +130°C 
PVCU aiid teh Senses ea acta ava eeatatsaia sti saan ast aie ad earandeadetbucde tues GeretasteaGeel luca saeneensisens Polonia + 175°C 
Lead -SOllering: (10 “Ss GCONCSH: oj cesseescese cou, dese wi tieccseence ons oad eceasisenudcap vadectont een muse oosest tens esdcinnasd nase se aM aR + 300°C 
SS EOE AS: sasessaset essa ees a pense Cavs lg sho c Sve Taa nase Ua sca aed ean isd BRO —65 to +150°C 
Reliability 
Mean Time Between Failure 2 ou..c.cceccesssessessscssceesseecsesssssssecccecssvessessessseccrsveesevssssessvessussacessesssensseessecssasssviessessecseseen 2.9x 108 Hours 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating 
Conditions are not exceeded. 


2, \V-grade, GF @ Tp=70°C, per MIL-HDBK-2170. 


Absolute Maximum Rating 


Input and Common Mode Voltage Limits 


20 
1 
: IVout! MAX 
AS 
INDICATED 10 
VOLTS 


Note: 1. These ratings protect against damage to the input stage caused by 
saturation of either the input or output stages at lower supply 
voltages, and against exceeding transistor collector-emitter breakdown 
ratings at high supply voltages. Vqyyz (Max) is calculated by assuming 
no output saturation. Saturation is allowed to occur up to this calcu- 

0 5 10 15 20 lated level of Vaijt—-Veqy is defined as the voltage at the non- 

inverting input, pin 6. 
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Operating conditions 


Temperature Range 
Extended 


Parameter Min cco Units 


DC Electrical characteristics within specified operating conditions 


(Ri =100 Ohms, R¢=250 Ohms, Vec=+15V, Ay= +2) | 
| Extended 


[industrial Extended | 
Parameter Test Conditions ee Units 


Cin Input Capacitance Non- aeeaine 


Vio Input Offset Voltage 
Teig Temp Coefficient, 
Input Offset Voltage 


lip Input Bias Current Non-Inverting 
Inverting 

Teip Temp Coefficient, Non-Inverting 
Input Bias Current Inverting 


Vout Output Voltage Range No Load +11 +12 et +11 +12 | V 
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THC4231 WALA 
AItyy 
AC Electrical characteristics within specified operating conditions 
(R| =100 Ohms, Rp=250 Ohms, Ver =+15V, Ay= +2) 
Temperature Range 
| Industrial Extended 
Parameter Test Conditions | Min | Typ |Max | Min | Typ | Max Units 
SSBW Small Signal Bandwidth ’ Voyr=2Vp- 120 | 165 | | 120] 165 | | Miz 
FPBW Full Power Bandwidth | Vout = 10Vp-p | 60 | 9 | fF Bof 9 | = | Mkz 
Egpy_ Gain Flatness Peaking, Vout = 2Vp-p. dB 
LOW Frequency 0.1 f<50MHz 
Egpy Gain Flatness Peaking, Vout =2Vp-p, 0.1 1.5 0.1 1.5 dB 
HIGH Frequency f >50MHz 
EGR __ Gain Flatness Rolloff Vout =2Vp-p, Note 2 a ee dB 
Top Sr Dt c<iowe | fase’ | [ose] [om 
Ep Linear Phase Deviation #<100MHz F | os} 20] | os] 20 | Degrees 
Rly; Reverse Isolation, Non-Inverting | f <100MHz ) 43 | 53 | | as | | dB 
Rliy Reverse Isolation, Inverting f <100MHz ee OB 26 abe | =f dB 
Royt Output Resistance -7) foyt = 100MHz ae ee ae ae ae Ohms 
tp Rise Time, Small Signal 2V Output Step i it ee eo, wl alll ae ns 
tp, —_—~ Rise Time, Large Signal 10V Output Step Paes Orem ip. Be | 0.) ns 
tes Fall Time, Small Signal 2V Output Step aa rete ns 
te, Fall Time, Large Signal 10V Output Step Pf BT TOP TY 707 ns 
tg Setting Time SV Output Step tose || as | 1.105 || ns 
StS Fa Fron vven [vals] [vals] | vim 
a CB 
HD2 Second Harmonic Distortion | 0 dBm, 20MHz | a7 | -55 | | -a7 | -55 | | aBe 
HD3 Third Harmonic Distortion 0 dBm, 20MHz | ~47 | -59 | | -47 | -59 | dBc 
Equivalent Input Noise 
Noise Floor > 5MHz —150 | —153 —150 | —153 dBm(1Hz) 
Integrated 5MHz to 200MHz Ff 0 [100 ff 70 100 ums 
PSRR Power Supply Rejection Ratio | =“ | A | HO | | 5 | | | 
EMA Common Mode Rerecion faio | + «| «1 { | «| «| | « 
Notes: 1. —3dB bandwidth. 
2. f=100Mkz. 
3. <50ns pulse, 200% overdrive, to < 1% error. 
TRW LSI Products Inc. 15 
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Current Feedback VS. Voltage Feedback: A Comparisen:® 


To fully understand the advantages of the THC4231 
current feedback op amp, it is helpful to compare its 


Voltage Feedback Op Amp — 


Traditional voltage feedback op amps have a differential, 
high input impedance: stage followed by several gain 
stages. The open loop output of this op amp is: 


Vo = AI; - Val 


With the feedback connection made, a feedback voltage 
is applied to the inverting input and the closed loop gain 


IS: 


Vo 
V4 


16 


Ry + Ro 
Ry 


Ry + Ro 
+ 
Ay 
A\s} 


theory of operation to that of the traditional voltage 
feedback op amp. 


Current Feedback Op Amp 


The current feedback op amp has a unity gain voltage 
buffer amplifier across the inverting and non-inverting 
inputs. This buffer forces the voltage at V2 to be iden- 
tical to the voltage applied at V7 independent of any 
external feedback. Because the inverting input is actually 
the output of the buffer, this node has a very low input 
impedance, which is further reduced when the feedback 
resistor (R2) is installed. With respect to V7, the invert- 
ing input is truly a virtual ground and current easily 
flows into or out of this node. 


CURRENT FEEDBACK 


The transimpedance amplifier is the gain stage inside the 


THC4231. It senses the current flowing into or out of 
the inverting input and transforms this current into an 
output voltage. The transfer function of the trans- 


| impedance amplifier is A\s) and the units are Ohms. 


The open loop gain of thie amplifier is: 


VO = liny Als) 
With the feedback resistor installed, the closed loop gain 
equation i IS: _ 
Ry + Ro R9 
VO Ry Rg Ry 
Mo 4s i 
Ro As) A\s) 
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Voltage Feedback Op Amp (cont.) Current Feedback Op Amp (cont.) 


Substituting G = (Ry + Ro)/Ry Substituting G=1+ < 
Vo G | Vo G 
V4 7 G V4 7 Ra 
1+ — 1+ — 
A(s) | A(s} 
Substituting A(s) = ae yields: Substituting A(s] 26 yields: 
D(s) D(s) 
Vo Nis} | Vo Nis} 
Vy N(s) + (G) Dis) Vy Nis) + RaD\{s} 
Now the two topologies can be compared. In the By comparison, the current feedback op amp also has 
voltage feedback op amp transfer function, the circuit circuit gain dependent upon G = (R1 + R2)/R1, but this 
gain and pole locations are both dependent upon time the pole locations are dependent only on R2. This 


G = (R1 + R2}/R1. Therefore, changing the gain of the is the advantage of the current feedback topology over 

circuit causes the pole locations to move. In practice, for voltage feedback topology: frequency response Is inde- 

a high gain setting, the poles will be at a lower fre- pendent of the circuit gain. In practice, it is easy to keep 

quency than for a low gain setting. This is shown in the 2 constant for various gain settings and therefore 

illustration below. Frequency response that depends upon maintain the frequency response of the op amp. In fact, 

the circuit gain is the biggest drawback of voltage feed- =the design of the THC4231 has been optimized for 

back op amps. R2 = 250 Ohms and all specifications are guaranteed 
with this value of feedback resistor. 


Voltage Feedback Op Amp Current Feedback Op Amp 


GAIN, dB GAIN, dB 


LOG FREQUENCY, MHz LOG FREQUENCY, MHz 
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THC4231 on 


Typical Performance Curves 8 ge 8 
Ta=25°C, Ay=+2, Vec=+15V, R_=100 Ohms, R¢=250 Ohms} 


Non—Inverting Gain and Phase Inverting Gain and Phase 


RELATIVE GAIN 1dBidiv, 
PHASE 45 DEGREES/div 


Broadband Gain and Phase 


eS 


PINS 1 AND 2 SHORTED 
PINS 8 AND 9 SHORTED — 


RELATIVE 


asin BANDWIDTH 0: 


80 DEGREES/div 
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Typical Performance Curves (cont.} 


2nd and 3°4 Harmonic Distortion Intercept 


2ND HARMONIC INTERCEPT 


EXCEEDS +120dBm BELOW 350kHz 


INTERCEPT 
POINT (+dBm) 


320 HARMONIC INTERCEPT 
EXCEEDS +65dBm BELOW 350kHz 


103 104 109 108 
FREQUENCY (Hz) 


oV Hz , 


1’ = 02 1038S 104 105 08a? 498 
FREQUENCY (Hz) 


Large Signal Pulse Response 


rh | 
PENA 


SEECIEEE 
— HAI 
ee 


2Vidiv 


FREQUENCY (Hz) 
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2-Tone 3'4 Order Intermodulation Intercept 


INTERCEPT 
POINT (+dBm) 
FREQUENCY (MHz) 
Small Signal Pulse Response 
400mVidiv 


ist | | Ppt | 


eG! A 
races 


SETTLING 
PERCENTAGE (%) 
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Layout Considerations 


To assure optimum performance from the THC4231, the 
surrounding circuitry should follow good high-frequency 
layout practices which minimize unwanted coupling of 
signals between nodes. When breadboarding, point-to- 
point wiring should be used, keeping lead lengths less 
than 0.25". Solid ground plane is recommended. Sockets 
with small, short pin receptacles or individual high- 
frequency pins may be used with only slight performance 
degradation. For optimum performance, the THC4231 
leads should be soldered, not socketed. 


For printed circuit board layout, all traces should be kept 
as short and direct as possible. The body of the gain- 
setting resistor (Rg) should be kept as close to the 
inverting input (pin 5) as possible to reduce capacitance 
at that point. Ground plane should be removed from the 
pc board in the vicinity of the inverting, non-inverting 
and output pins. To prevent signal distortion caused by 
reflections from impedance mismatches, terminated 


Typical Application Circuits 
Figure 1. Non-Inverting Gain Circuit 


Br 
aie 


+15V 


01 


CAPACITANCE IN uF 


© VouT 
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7 XV 


microstrip or coaxial cable should be used whenever the | 
signal must traverse more than one inch. 


A ground return path for current from the oad resistor 
to the power supply bypass capacitors must be provided. 
High frequency (surface mount if possible) ceramic 
capacitors of 0.01 to 0.1uF (with short leads) should be 
less than .15" from pins 1 and 9. Larger 3.9uF tantalum 
capacitors should be ‘placed within 1° of these pins. 
+Vec collector supply connections (pins 10 and 12) can 
be made directly from pins 9 and 1, but better supply 
rejection and settling time performance are obtained if 
they are seperately bypassed with 0.01pF capacitors and 
33 Ohm resistors as shown in the Typical Application 
Circuits. 


Since the pc board forms such an integral portion of the 
circuit, it is recommended that a prototype board con- 
taining just the THC4231 circuitry is built and evaluated 
before commiting to a final pc board layout. 


Figure 2. Inverting Gain Circuit 


© Vout 
Vin @ 
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Distortion And Noise 


The graphs of intercept point, Io and 13, versus fre- 
quency make it easy to predict the distortion at any 
frequency given the output voltage of the THC4231. 
First, convert the output voltage (Vo) to Vans = 
(Vp-p/2V/2] and then to P = [{10logyg (20Veanqs4l) to 
get the power output in dBm. At the frequency of in- 
terest, Its 2nd harmonic will be $7 = (Iz — P|dB below 
the level of P. Its third harmonic will be S3 = 2(l3—P}dB 
peiow F, as will the twou-lune third order intetmoduia- 
tion products. These approximations are useful for 

P< —1dB compression levels. 


Approximate noise figure can be determined for the 
THC4231 using the equivalent input noise graph. The 
following equation can be used to determine noise figure 
(F) in dB. 


Thermal Considerations 


At high ambient temperatures or large internal power 
dissipations, heat sinking is required to maintain accept- 
able junction temperatures. The thermal model below 
can be used to predict junction temperatures. Many 
styles of heat sinks are available for TO-8 packages such 
as Wakefield 215 and Thermalloy 2240. Radial fin heat 
sinks cover the circuit board and may interfere with 
external components unless surface mounted resistors 
and capacitors are used. A 0.1" spacer can be installed 
under the TQ-8 package so that conventional compo- 
nents can be used with sufficient clearance. 


Ordering Information 


Product 
Number 


THC4231X1B 
THC4231X1V 


IND—T, = —25°C to 85°C 
EXT—-Te=—55°C to 125°C 


Industrial 
MIL-STD-883 


in2REZ 
Va2 + Ay2 
AKTRe Af 


F = 10log | 1+ 


Where Vp is the rms noise voltage and Ip, is the rms 
noise current. Beyond the breakpoint of the curves (i.e., 
where they are flat], the broadband noise figure equals 
the spot noise figure, so Af should equal one (1) and Vp, 
and |, should be read directly from the graph. Below the 
breakpoint, the noise must be integrated and Af set to 
the appropriate bandwidth. 


Thermal Model 


Oca = 65°CIW 


heatsink. 


Pry = UltVee) -Vgyt - UleoilReol + 4llilegil(% duty cycle) 

For positive Vq and Vcr, this is the power in the npn output stage. 

For negative Vg and Vee, this is the power in the pnp output stage. 

leol = Yout ! Rigag oF 4mA whichever is greater. (Include feedback R in Rigag.! 
Reol is a resistor (33 Ohms recommended) between the xxx collector and +Vec. 


Titonp) = Ponp (00 + Ocal + 'Poir + PhpnlO@ca + Ta: 
Similar for Titnpni: 


Titcin = Por (48 + Ocal + Ponp * Pron Oca + To. 


Package 
Marking 


THC4231X1B 
THC4231X1V 


12 Lead Metal Can (TO-8/MO-12) 
12 Lead Metal Can (TO-8/MO-12) 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 


such use and indemnifies TRW LS! Products Inc. against all damages. 
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Adjustable Voltage Reference with Operational Amplifier 


The TDC4611 comprises a precision adjustable voltage 
reference and a single general purpose operational 
amplifier on the same monolithic integrated circuit. This 
combination of circuit functions is ideally suited for 
compiete reference circuits for A/D and D/A converters. 


The voltage reference of the TDC4611 uses a band-gap 
reference source and built-in amplifier to enable the output 
voltage to be set with one pair of external resistors. 


A separate operational amplifier is included on the 
TDC4611 for use with the voltage reference circuit in 
generating complete voltage reference circuits for A/D and 
D/A converters. The input common-mode range of the 
operational amplifier extends to the negative power supply 
voltage for additional application flexibility. 


The TDC4611 is available in both commercial (0°C to 
+/0°C) and extended (—55°C to +125°C) temperature 
ranges and in 8-pin CERDIP and plastic DIP as well as 
14-pin plastic SOIC packages. 


Features 

e Low Drift, Adjustable Voltage Reference 

e Low Offset Voltage Operational Amplifier 

e Wide Common-Mode input And Power Supply Voltage 
Range 


e Wide Reference Voltage Range and Amplifier Output 
Voltage Swing 


e Low Power Dissipation 


Applications 

e Complete Voltage References For A/D And D/A 
Converters 

e AC and DC Signal-Conditioning 

e Active Filters With Offset Control 

e Miniaturized, Reduced Chip Count Circuitry 


Interface Diagrams 


ANODE V+ 
FEEDBACK OUT 
CATHODE -IN 

V- +IN 


21434A 


TOP VIEW 


8 Pin CERDIP — B4 Package 
8 Pin Plastic DIP —- NH Package 
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NIC 


V+ 
NC N/C 
ANODE NIC 
FEEDBACK OUT 
CATHODE -IN 
NIC +IN 
* NIC 


21435A 
TOP VIEW 


14 Pin Plastic SOIC — ME Package 
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Figure 1. Operational Amplifier Simplified Schematic Diagram 
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Functional Description 


The TDC4611 is made up of an operational amplifier and 
an adjustable voltage reference on the same monolithic 
integrated circuit. The operational amplifier is a general 
purpose voltage feedback amplifier designed for DC and 
low-frequency applications. The voltage reference Is a 
three-terminal band-gap voltage source with its own 
built-in amplifier. 


Power 


The TDC4611 has two power supply input terminals, V+ 
and V—, and will operate with a wide range of power 
supply voltages. The TDC4611 will operate with either V+ 
or V— grounded. The substrate of the [DC4611 is biased at 
the most negative potential, V-. 


Voltage Reference 


The TDC4611 voltage reference employs band-gap shunt- 
regulator topology that can be modeled as a Zener diode. 
When current flow in this diode is in the forward direction 
(from ANODE to CATHODE), it exhibits a normal diode 
exponential transfer characteristic. Current flowing in the 
reverse direction generates a constant voltage (CATHODE 
positive with respect to ANODE). The magnitude of this 
voltage is set by a pair of external resistors connected 
between ANODE and CATHODE with a common connection 
to FEEDBACK. When FEEDBACK is connected directly to 
ANODE, the voltage between CATHODE and ANODE is its 
minimum value of approximately 1.2 Volts. 


TRW LSI Products Inc. 


Operational Amplifiers 


The operational amplifier of the TDC4611 is a general 
purpose voltage-feedback amplifiers with PNP input 
transistors. The PNP input stage allows a common-mode 
input range that includes the negative power supply, V-. 
The inputs, -IN and +IN, are diode-clamped to V— but not 
clamped to V+ or to each other, allowing large differential 
input voltages. | 


The amplifier is unity-gain stable with low input bias 

and power supply currents. The amplifier and voltage 
reference share the same integrated circuit and their only 
common point is the substrate which is biased at V-. If the 
amplifier is not used, it should be connected so that both 
inputs and the output are within their recommended 
operating conditions (i.e., -IN connected to OUT, and +IN 
connected to FEEDBACK). 


The output structure of the TDC4611 has a deadband 
voltage of approximately one diode Vbhe. The crossover 
distortion generated by this deadband can be eliminated 
by the use of a pull-up or pull-down resistor between the 
output and V+ or V-. The resistor increases output current 
and reduces crossover distortion. The value of this resistor 
should be determined so that the current through it is 1mA, 
nominally. Crossover distortion will be minimized and the 
amplifier will then also be frequency-stable while driving 
capacitive loads as large as 200pF. 
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Package Interconnections 


Signal Signal 
Type Name 
Power ni | Positive Supply Voltage +5V Nominal 
| . Negative Supply Voltage OVNominal 7 | 4 


; 
Amplifier Amplifier Input 
Inverting Operational Amplifier V—to V+ — 1.4V 
et Tso 


vu 
= 


(DIP) 


Reference Reference Anode —_| wd 3 
: | Reference Cathode 1.2Vto6.3V 
Feedback Reference Control VCATHODE-1.2V 


Absolute maximum ratings (beyond which the device may be damaged) 


Operational Amplifier Output V—+1V to V+ -1.9V 
OV 


oI 


Supply Voltage (V+ measured to V—) oo. ccscsseeseessessansesesssessessesecsussessvssnesssseesecseessaseesesusssesenseeseessesesseeseesesseeteeiessesseeseenen —0.3 to 36V 
Applied Voltage any pin except CATHODE, MOASUTEM CO VT oe eec ce sseesnnnsteeenssseeennnea Para ve eer arene —0.3 to 36V 
Applied Current, externally forced (amy pit) oo... ccc ccesessseeseessessecssenseaseesescsusanecsessnesneneevesass in shin tea Mel oceaiSea euee ose tte nd +20mA 
Differential Input Voltage (+IN to IN) .............ccccccccccssssssscssssssssssscssssssssssssssssssssenssusssssssssssnssssessssssssussestesevussssssvesssesesseessssseuestsesnsesessesseseesseten +36V 
Output Short Circuit duration2 ee tr en ee ee eee eee aes Bde totctetate nce Indefinite 
ESD Tolerance 120 pF 1 SK Oo a i iiticncneeciod ih aarparnciened tis aids ailiend ernest pnnuntimemuny oatse Bo ctaaegied sae ut oean canton Sastealed +1kV 


Notes: 1. The failure is caused not by exessive voltage but rather by excessive current flow. If any pin has a potential less than one diode drop below V— then this 
allows a parasitic NPN transistor to turn on and conduct current to V-. No damage to the device will occur if this current is limited to the absolute 
maximum ratings, however the device operation while this parasitic transistor is conducting is undefined and unpredictable. 


2. Simultaneous short circuit of Reference and Operational Amplifier with higher power supply voltages may cause the junction temperature to rise above 
the maximum and thus should not be continuous. | 


3. Human Body Model 


Operating conditions 


Parameter | Min | Nom | Max | Unit 
V+ Measured to V- | 3 |e |e | V 
Common Mode Input Range (Operational Amplifier) V-+1 S| vet | V 
Reference Voltage 1.2 P| 63 V 
Ambient Temperature iO re °C 
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Electrical characteristics (Operational Amplifier)| 


Temperature Range 


Parameter Test Conditions | Min | Max | Min | Max | Unit 
Vos _ Offset Voltage AV < V+ <$32V Eames (AR Deere aa Rae 
Vos _Offset Voltage V+=30V,0vV<vVemszeev | | | | tm 
VosIC Offset Temperature +30 +25 uV/°C 
Coefficient 
IB Input Bias Current IB+IN and IB-IN Fee Ie ae ee +25 | nA 
los _Input Offset Current los = 1B+IN —1p-IN eae (a eae eae ee 
losT€ Ios Temperature Average value between 25°C +4 +4 pA/°C 
Coefficient and temperature extremes 
RIN (Differential) TA = 25°C 1800 Bol 1800 ae MQ 
RIN: (Common-Mode) Ta = 25°C 3000 | =| 380 | =| MQ 
CIN Capacitance to ground, Non- pF 
Inverting input of follower, 
TA = 25°C 
AVOL OpenLoop Voltage Gain RL = 10KQ to GND, V+ = 30V, 92 92 dB 
5V<VOUT <25V, Open Loop 
AVOL = AVOUT/AVINDIFF 
VOH Voltage Swing HIGH RL = 10KQ to GND, V+ = 32V V+ V+ Vv 
~1,9 -1.8 
VOL Voltage Swing LOW RL = 10KQ to V+, V+ = 32V \V- V 
+1.0 
louT+ Current Sink VOUT = 1.6V, V+IN = OV, mA 
V_IN = 0.3V 
loUT- Current Source VOUT = V+-2.5V, V+IN = 0V —13 —13 mA 
V_IN = -0.3V 
ISC Short Circuit Current VouT = OV, V+IN = 3V mA 
V_IN = 2V 
Note: 1. Unless otherwise specified, these specifications apply for V-=O0V, V+=5V, Vem=V+/2, Vgut=V+/2. 
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Electrical characteristics (Reference)' 


Unit 


Win [Max [Min [Max 
v 


ores 
PPM/ 

1000 HR 
PPM/ 

1000 HR 


Parameter | 


Ver Referencevottage | 


VREFTC Temperature Coefficient 


VREFLT Long Term Stability Tj = 40°C 
(Typical) 
VREFLT Long Term Stability Tj = 150°C 


. AVAI VREF Change with IREF 16uA to 100UA 
Current IREF 100uA to 10mA 


PSS VREF Change with V+ VREF vs V+ Change for 88 dB 
. V+ from 5 to V+MAX 
VREFAS Vref Change with Anode | V+=V+MAX, Vanode from 


Voltage GND to V+-1V 


IFS | Feedback Bias Current Vanode <VFS<5.06V | 


VREFN Noise 1OHz — 10KHz, Vg = 0 : 30 a EU 
Typical Specification 


Notes: 1. Unless otherwise specified, these specifications apply for V- = OV, V+ = BV, Vem = V+/2, VOUT = V+/2. 


2. Hysteresis is AVRO/ATJ where AVRO is the change in VRO caused by a change in Ty after the reference has been “dehysterized” by spiraling the junction 
temperature in towards 25°C. 


System performance characteristics (Operational Amplifier) 


| Temperature Range 
, 
Parameter | Test Conditions | Min | Typ | Max | Min | Max | Unit 


GBW  Gain-Bandwidth | Closed loop, Gain = -1000, 52 MHz 
Product CL = 30pF, Bandwidth = -3dB 
Frequency. 
SR _—SlewRate V+ = 30V +45 ; +65 +45 i! V/us 
Nv Voltage Noise 100Hz, Input Referred re nV/VHz 
Nc Current Noise 100Hz, Bias Current Noise a ee fA/NHz 
CMRR Common Mode V+ = 30V, OV<VCMs(V+-1.4V), 75 
Rejection Ratio CMRR = 20log{AV+/<Vgs} 
PSRR ~—- Power Supply 4V<V+<30V, VOM = 1/2V+, 70 dB 
Rejection Ratio PSRR = 20log{AV+/<Vgs} 
Note: 1. Slewrate is measured with the Operational Amplifier in voltage follower mode. For rising slew rate, the input voltage is driven from 5V to 25Vand the 
output voltage transition is sampled at 10V and 20V. For falling slew rate, the input is driven from 25V to 5V, and the output is sampled at 20V and 10V. 
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Applications Information 


Voltage Reference 


The CATHODE voltage to the TDC4611 may be set 
anywhere with the range of —0.7 to +6.3 Volts with respect 
to ANODE. Poor voltage regulation will result when the 
CATHODE voltage is set to greater than +6.3 Volts. The 
Reference Equivalent Circuit shows how external 
resistors, Ri and A2, aeterming the gain of the ouilt-in 
amplifier and, therefore, the total voltage (VREF) between 
ANODE and CATHODE. The 7 Volt Zener diode limits the 
usable ANODE-to-CATHODE voltage to 6.3 Volts. 


A capacitor connected between CATHODE and FEEDBACK 
will aid noise reduction. The Typical Performance 
Curves show values of capacitance and reverse current for 
optimum results. Keeping the reverse current between 
20uA and 3mA ensures the stability of the reference 
regardless of capacitance. 


A Typical Interface Circuit is shown for using the 
TDC4611 with 8-bit flash A/D converters such as the 
TDC1048 and TDC1038. The PNP transistor in the feedback 
loop of the TDC4611 is used to sink the reference current 
of the A/D converter. A Typical Interface Circuit is also 
shown for using the TDC4611 and TRW’s 12-bit D/A 
converter, the TDC1012 (TDC1112, TDC1041, and TDC1141, 
too). The reference voltage applied to the REF— input of 
the TDC1012 determines the reference current flowing 
through the resistor on the REF+ input. 


Operational Amplifiers 


The output of the operational amplifier is very versatile and 
may be optimized in different ways. 


TRW LSI Products Inc. 


Crossover Distortion 


In applications where low crossover 
distortion is required from the operational 
amplifier, a pull-up or pull-down resistor 
should be added between the output and V+ 
or V-. The value of the resistor should be 
selected to pull an additional imA from the 
amplifier output. This additional class-A 
current flowing tn the TDC4611 output stage 
will increase power dissipation slightly and 
minimize crossover distortion. 


Driving of Capacitive Loads 


The output resistance of the amplifier in 
combination with the capacitive load 
determines the dominant pole of the 
amplifier and limits its frequency stability. 
When driving a capacitance of 200pF, pull-up 
or pull-down resistors used to improve 
crossover distortion will also ensure 
frequency stability. 


Output Voltage Swing 


Unloaded, the TDC4611 amplifier outputs can 
swing to within 300mV of the negative power 
supply voltage, V-. A resistor connected 
between the output and V— will increase the 
voltage swing, closer to V—. If the output 
load is referred to V+, the negative-going 
output swing Is increased but bandwidth and 
slew-rate are reduced. 


TDC 4611 ort 


Figure 4. Reference Equivalent Circuit 
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Figure 5. Typical Application of TDC4611 as Reference for a Flash A/D Converter 
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Figure 6. Typical Application of TDC4611 as a Reference for the TDC1012 D/A Converter 
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Typical Performance Characteristics (Operational Amplifer) : 
V+ = dV, V- = GND = OV, Very = V+/2, VouT = V+/2 Ty = 25°C, unless athenwise nota 


A. 


BIAS CURRENT (nA) 
BS 


Input Common-Mode Voltage Range 
vs Temperature 


OUTPUT GOES LOW a 


COMMON — MODE VOLTAGE (V) 


a En et 
—60 —40 -20 0 20 40 60 80 100 120 140 


JUNCTION TEMPERATURE (°C) - “2144 


Input Bias Current 
vs Junction Temperature 


Bes ew am St Ee 


--60 -40 -20 0 20 40 60 80 100 120 140 
JUNCTION TEMPERATURE (°C) 91449, 


Slew Rate vs Temperature and 
Output Sink Current 
— 08 


1 cate 


(al aan NNae 


SLEW RATE (V/s) 


60-40-20 0 20 40 60 80 100 120 140 


JUNCTION TEMPERATURE (°C) o1aa7A 


{os (pA) 


OUTPUT VOLTAGE (V) 


. Input Offset Current 
vs Junction nemporaure 


-1000 


-2000 | 
60 -40 -20 0 20 40 60 80 100 120 140 
JUNCTION TEMPERATURE ("C) 5,23 


. Vos vs Junction Temperature on 


9 Representative Units 


S 
= 
& 
- 
ar 
' oOo 
a), 
er 
Nn 
te 
oO 
60-40-20 0 20 40 60. 80 100 120 140 
JUNCTION TEMPERATURE (°C). 5,445 
, Output Voltage Swing 


vs Temperature and Current. 
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JUNCTION TEMPERATURE (°C) 21446A 
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Typical Performance Characteristics (Operational Amplifer) 
V+ =5V, V-= GND = OV, Vey = V+/2, Vout = V+/2 Ty = 25°C, unless otherwise noted 


G. Input Bias Current H. Output Sink Current vs 


vs Common-Mode Voltage 


INPUT CURRENT (yA) 


123 4510 20 40 60 80 


INPUT VOLTAGE (V) 
21443A 


. Slew Rate vs Temperature with 


Common-Mode Voltage below V- 


OUTPUT CURRENT (mA) 


-10 
101 2 3 28 29 30 31 32 
V+ 
OUTPUT VOLTAGE (V) a1 AQAA 


. Small-Signal Pulse 
Response vs Load 
50 pF, 02 


100 pF, 2kQ TO V- 
100 pF, 2kQ TO V+ 


OUTPUT VOLTAGE (mV) 


100 pF, 2k Q TO V+ 
100 pF, 2k TO V- 
50 pF, oo 


TIME (ps) 214584 
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Output Voltage and Temperature 


OUTPUT CURRENT (mA) 


-1 0 1 3 2 -1 #O 1 
V+ 


SUPPLY REFERENCED Vout (V) 714534 


. Small-Signal Pulse 


Response vs Temperature 


Ite 
EE EA 
i era 125°C 


OUTPUT VOLTAGE (mV) 


TIME (1s) 21457A 


. Large-Signal Step 


Response 


OUTPUT VOLTAGE (V) 


5 
0 10 20 30 40 50 
TIME (ps) 21445A 


TDC4611 


Typical Performance Characteristics (Operational Amplifer) = 8 =—s_—© 
V+ = V, V- = GND = OV, Vey = V+/2, VoyT = V+/2 Ty =.25°C, unless otherwise noted — 


M. Small-Signal Voltage Gain 
vs Frequency and Temperature 


7) 
= 
Lud — 
[d>] 
= 3 
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= a 
” 
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P= 
a 
0 -180 
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0. Small-Signal Voltage Gain 
vs Frequency and Load 


-80 
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Q. Output Impedance 
vs Frequency and Gain 


IMPEDANCE (Q) 


2 2 
10! 102 103 104 105 106 
FREQUENCY (Hz) 21456A 


N. Follower Small-Signal 
Frequency Response 


MAGNITUDE (dB) 


V+ = 15V 
V- = 15V 
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-180 
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Typical Performance Characteristics (Operational Amplifer) 
V+ = 5V, V-= GND = OV, Ven = V4/2, Vout = V+/2 Ty = 25°C, unless otherwise noted 


Op Amp Voltage Noise 
vs Frequency 
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NOISE VOLTAGE (nVrms/VHz) 
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. Common-Mode Input 


Voltage Rejection Ratio 
140 
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. Negative Power Supply 


Voltage Rejection Ratio 


—PSRR (dB) 
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Op Amp Current Noise 
vs Frequency 
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Typical Performance Characteristics (Reference) © — 
Tj = 25°C, FEEDBACK pin shorted to V— = OV, unless otherwise noted 


W. Reference Voltage vs Temperature | .. . X Reference Voltage vs 
on 5 Representative Units aa Temperature and Bias Point | 
1.26 1.250 


Vio= Vy. 1, =10mA, V+ = 30V 


Vig=Vy.l, =20HA, V+ =30V 
s 2 | : 
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> > 
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= Ld 
cc rr 
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JUNCTION TEMPERATURE (°C) 9445: JUNCTION TEMPERATURE (°C) py 495,4 
Y. Feedback Current | —-. Z, Feedback Current vs 
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= 5G | 
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_ 10 se 
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Typical Performance Characteristics (Reference) 
Ty = 25°C, FEEDBACK pin shorted to V— = OV, unless otherwise noted 


CC. Reference Voltage DD. Reference Voltage 
vs Current and Temperature vs Current and Temperature 
10 10 


0~100V 
1K~1M 
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REFERENCE VOLTAGE CHANGE (mV) 
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Typical Performance Characteristics (Reference) 
Ty = 25°C, FEEDBACK pin shorted to V- = OV, unless otherwise noted 


ll. Reference Power-Up Time JJ. Reference Voltage with 
Feedback Voltage Step 


_FEEDBACK- T0- ANODE VOLTAGE 


REFERENCE VOLTAGE (V) 
REFERENCE OUTPUT VOLTAGE (V) 


0 100 200 300 400 500 600 700 


TIME (1s) 21477A TIME (ys) 214784 
KK. Reference Voltage with | LL. Reference Step Response for 
100~12 A Current a 100A ~ 10mA Current Step 


jovi 
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Ordering Information 


Number Marking 


All parameters in this specification are guaranteed bv desian. sample testing or 100% testing as appropriate. TRW reserves the right to make changes to products and 
specifications without notice. This information does not convey any license under patent rights of TRW LSI Products Inc., TRW Inc., or others. 


Life Support Policy 


TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. against all damages. 


Gz 
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Adjustable Voltage Reference with Four Operational Amplifiers 


The TDC4614 comprises a precision adjustable voltage 
reference and four general purpose operational amplifiers 


on the same monolithic integrated circuit. This 
combination of circuit functions is ideally suited for 


complete reference circuits for A/D and D/A converters. 


The voltage reference of the TDC4614 uses a band-gap 


Applications 


e Complete Voltage References For A/D And 
D/A Converters 


e AC and DC Signal-Conditioning 
e Active Filters With Offset Control 


reference source and built-in amplifier to enable the output * “iniaturized, Reduced Chip Count Circuitry 
voltage to be set with one pair of external resistors. 7 °C 
Four separate operational amplifiers are included on the Interface Diagram 


TDC4614 for use with the voltage reference circuit in 


generating complete voltage reference circuits for A/D 
and D/A converters where multiple voltage outputs are 


required. The common-mode input range of the 
operational amplifiers extend to the negative power 
supply voltage for additional application flexibility. 


The TDC4614 is available in both commercial (0°C to 
+70°C) and extended (—55°C to +125°C) temperature 
ranges and in 16-pin CERDIP, plastic DIP, and plastic 
SOIC packages. 


Features 


e Low Drift, Adjustable Voltage Reference 
e Four Low Offset Voltage Operational Amplifiers 


e¢ Wide Common-Mode Input And. Power Supply 
Voltage Range 

e Wide Reference Voltage Range and Amplifier 
Output Voltage Swing 


e Low Power Dissipation 


TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 
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Figure 1. Operational Amplifier Simplified Schematic Diagram 
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Figure 2. Reference Simplified Schematic Diagram 
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Functional Description 


General Information 


The TDC4614 is made up of four operational amplifiers and 
an adjustable voltage reference on the same monolithic 
integrated circuit. The operational amplifiers are general 
purpose voltage feedback amplifiers ideally suited for DC 
and low-frequency applications. The voltage reference Is a 
three-terminal band-gan voltage source with its own burlt- 
in amplifiers. 


Power 


The TDC4614 has two power supply input terminals, 

V+ and V-, and will operate with a wide range of power 
supply voltages. The TDC4614 will operate with either 

V+ or V- grounded. The substrate of the TDC4614 Is 
biased at the most negative potential, V—, which is also 
connected to the ANODE terminal of the voltage reference. 


Voltage Reference 


The TDC4614 voltage reference employs band-gap shunt- 
regulator topology that can be modeled as a Zener diode. 
When current flow in this diode is in the forward direction 
(from ANODE to CATHODE), it exhibits a normal! diode 
exponential transfer characteristic. Current flowing in the 
reverse direction generates a constant voltage (CATHODE 
positive with respect to ANODE). The magnitude of this 
voltage is set by a pair of external resistors connected 
between ANODE and CATHODE with a common connection 
to FEEDBACK. When FEEDBACK ts connected directly to 
ANODE, the voltage between CATHODE and ANODE is its 
minimum value of approximately 1.2 Volts. | 
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Operational Amplifiers 


The four operational amplifiers of the TDC4614 are 
general purpose voltage- feedback amplifiers with PNP 
input transistors. The PNP input stage allows a common- 
mode input range that includes the negative power 
supply, V-. The inputs are diode-clamped to V-, but not 
clamped to V+ or to each other, allowing large differential 
input voltages. 


The amplifiers are unity-gain stable with low input bias 


and power supply currents. All four amplifiers and voltage 
reference share the same integrated circuit and their only 
common point is the substrate which is biased at V-. 
Unused amplifiers should be connected so that both inputs 
and the output are within their recommended operating 
conditions (i.e., -IN connected to OUT and +IN connected 
to FEEDBACK). 


The output structure of the TDC4614 amplifier has a 
deadband voltage of approximately one diode Vpe. The 
crossover distortion generated by this deadband can be 
eliminated by the use of a pull-up or pull-down resistor 
between the output and V+ or V—. The resistor increases 
output current and reduces crossover distortion. The value 
of this resistor should be determined so that the current 
through it is nominally 1mA. Crossover distortion will be 
minimized and the amplifier will be frequency-stable 
driving capacitive loads as large as 200pF. 


Package Interconnections 


_. Type : Name | Value © Package Pins 
Power : 
Operational +IN Non-Inverting Operational = © | V-toV+-1.4V 3 
Amplifier 1 Amplifier Input 7 

Inverting Operational Amplifier V- to V+ -1.4V 2 
ae Tel 
Operational IN _ Non-Inverting Operational V-to V+ —1.4V 5 
Amplifier 2 Amplifier Input . | . : 
Inverting Operational Amplifier V—to V+ - 1.4V 6 
Operational +IN Non-Inverting Operational ~V-to V+ - 1.4V - 12 
Amplifier 3 Amplifier input — 3 : | | 
. - {Inverting Operational Amplifier V— to V+ - 1.4V 11 
[Par] veratonat Ampito vipat [Vo vivo vet 0 
Amplifier 4 Amplifier Input | 3 
| Inverting Operational Amplifier. V—to V+—1.4V | 15 
| OUT |. V-41V to V+ -1.9V 16 


OUT Operational Amplifier Output 
Reference Cathode _ Reference Cathode 1.2V to 6.3V 9 
| 8 


Feedback Reference Control VCATHODE-1.2V 


Absolute maximum ratings (beyond which the device may be damaged) 


Supply Voltage (V+ measured to V—) ooo... cccccccsesssessecseessessecseessessscanecsesseesscsuecsucsusaueanssusassanecsucsnsausauecsneeussesesueesesnessnessessesseeeneenee —0.3 to 36V 
Applied Voltage any pin except CATHODE, measured to Vat ooaocccccccccsccsscssssssssssssseseusssssseussssstenssssstesssssenssastsensssstsunassenenessesee —0.3 to 36V 
Applied Current, externally forced (any UNAM 055s ga deceeea ces el aie ane a esha cate acca eee Dene feces aerate aa acca +20mA 
Differential Input Voltage (+1N to IN) oo... essesssessecssessessecsuecnecsessessneanecsuscussucsusanecsscsscsussucaueasecsussusesnsausevseassesecsecsussneeseenesneeseeenss +36V 
Output Short Circuit duration? oo. cc csssssesssssccsccssssssssnunsssssesssecssssssssssnesessssseeeesssssasunsseseseassssmmsssseeceesssssssuanmuusiseseassssssnsssuuneceeeseeaneven Indefinite 
BLD PORES RA CONDE, UOC 0 hn i cf cach peta tau lace Rc cae Sok actgh ste acdc acetate leds aaa Onare LA Os caret tcaeane cht +1kV 


Notes: 1. The failure is caused not by exessive voltage but rather by excessive current flow. If any pin has a potential less than one diode drop below V— then this 
allows a parasitic NPN transistor to turn on and conduct current to V-. No damage to the device will occur if this current is limited to the absolute 
maximum ratings, however the device operation while this parasitic transistor is conducting is undefined and unpredictable. 


2. Simultaneous short circuit of Reference and Operational Amplifier with higher power supply voltages may cause the junction temperature to rise above 
the maximum and thus should not be continuous. 


3. Human Body Model 
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Operating conditions 


Parameter iin [Nom [Max [Unt 


Common Mode Input Range (Operational Amplifier) V-+1 V+-1.9 V 


Reference Voltage p12 | | es | 
Ambient Temperature i 


Electrical characteristics (Operational Amplifier)! 


| Temperature Range 


Parameter Test Conditions | Min | Max | Min | Max | Unit 
Vos _Offset Voltage | avsvess 
Vos _ Offset Voltage | V+=30v,0V<Vems2eev | |? | | tm 
VosTC Offset Temperature +30 +25 uV/°C 
Coefficient 
IB___Input Bias Current | iptivandipn | S| sto] | 
los _ Input Offset Current los = IB+IN —IB—IN a a ee ee ee ee ee 
losTC Ios Temperature Average value between 25°C +4 +4 pA/°C 
Coefficient and temperature extremes 


RIN (Differential) | taszec ———“‘«*é‘;C‘*rL:«éCt | S| tt S| S|] 
RIN __(Common-Mode) | Ta=rc {3800 | =| 800s «| S| 


CIN Capacitance to ground, Non- pF 
Inverting input of follower, 
TA = 25°C 

AVOL Open Loop Voltage Gain’ |. RL=10KQ to GND, V+ = 30V, 92 dB 
5V<VOUT <25V, Open Loop 
AVOL = AVOUT/AVINDIFF 

VOH Voltage Swing HIGH RL = 10KQ to GND, V+ = 32V at a V 

-1.9 -1.8 


VOL Voltage Swing LOW RL = 10KQ to V+, V+ = 32V V~ V- V 
+1.0 +1.0 
louT+ Current Sink VOUT = 1.6V, V+IN = OV, mA 
V_IN = 0.3V 


louT- Current Source | Vout = V+-2.5V, VIN = 0V —13 mA 
V_IN = -0.3V 


ISC Short Circuit Current VOUT = OV, V+IN =3V —46 mA 
V_IN =2V 


Note: 1. Unless otherwise specified, these specifications apply for V-=0V, V+=5V, Von=V+/2, VouT=V+/2. 
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Electrical characteristics (Reference)! 


Temperature | 
Standard | Extended 


Parameter |___ Test Conditions = os Se ae Unit 
VREF Reference Voltage fT 1.21919 1.2689 1.2390 1.2490 V 


_ VREFTC Temperature Coefficient a Sa oe ee | 1500 PPM/°C 
VREFLT Long Term Stability Tj = 40°C PPM/ 
fTyaieall 1000 HR 
VREFLT Long Term Stability Tj = 150°C | ~. PPM/ 
1000 HR 


A 
AV/Al VREF Change with IREF 161A to 100uA mV 
Current IREF 100A to 10mA mV 


PSS VREF Change with V+ VREF vs V+ Change for cal dB 
V+ from 5 to V+MAX 
VREFAS VREF Change with Anode | V+=V+MAX, VANODE from mV 
Voltage GND to V+—-1V 
Fi. Footbars ties cure | VaNoDE cies oe ae ee a A 
VREFN Noise 10Hz — 10KHz, VFS =0 | uVRMS 


Typical Specification 


Notes: 1. Unless otherwise specified, these specifications apply for V— = OV, V+ = 5V, Vom = V+/2, VOUT = V+/2. 


2. Hysteresis is AVRQ/ATY where AVRO is the change in VRQ caused by a change in TJ ae the reference has been “dehysterized” by spiraling the junction 
temperature in towards 25°C. 


System performance characteristics (Operational Amplifier) 


Temperature Range 
Parameter Test Conditions ed Unit 


GBW  Gain-Bandwidth | Closedloop,Gain=-1000, 
Product CL = 30pF, Bandwidth = -3dB 
Frequency. 


sh Sawao | ve 5c es 
Ny Voltage Noise 100Hz, Input Referred | ioe iene anne ee — 
Nc Current Noise 100Hz, Bias Current Noise a <_ fA/VHz 


Pe ae ee 
CMRR CommonMode | V+=30V, 0VSVcMs<(V+-1.4V), ia LAn Lae dB 
Rejection Ratio CMRR = 20log{AV+/< Vos} . 7 
PSRR Power Supply 4V<V+<30V, VCM = 1/2V+, | 70 dB 
Rejection Ratio | PSRR = 20log{AV+/<Vos} 


Note: 1. Slew rate is measured with the Operational Amplifier in voltage follower mode. For rising slew rate, the input voltage is driven from 5V to 25Vand the 
output voltage transition is sampled at 10V and 20V. For falling slew rate, the input is driven from 25V to SV, and the output is sampled at 20V and 10V. 
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Applications Information 


Voltage Reference 


The CATHODE input to the TDC4614 may be set anywhere 
within the range of +1.2 to +6.3 Volts with respect to 
V—and ANODE. Poor voltage regulation will result when 
the CATHODE voltage is set to greater than +6.3 Volts. 
The Reference Equivalent Circuit shows how external 
resistors, R1 and R2, determine the gain of the built-in 
amplifier and, therefore, the total voltage (VREF) between 
ANODE and CATHODE. The 7 Volt Zener diode limits the 
usable ANODE-to-CATHODE voltage to 6.3 Volts. 


A capacitor connected between CATHODE and FEEDBACK 
will aid noise reduction. The Typical Performance 
Curves show values of capacitance and reverse current 
for optimum results. Keeping the reverse current between 
20uA and 3mA ensures the stability of the reference 
regardless of capacitance. 


A Typical Interface Circuit is shown for using the 
TDC4614 or TDC4611 (voltage reference with single 
operational amplifier) with 8-bit flash A/D converters such 
as the TDC1048 and TDC1038. The PNP transistor in the 
feedback loop of the TDC4611 Is used to sink the reference 
current of the A/D converter. A Typical Interface Circuit 
is also shown for TRW's 12-bit D/A converter, the TDC1012 
(TDC1112, TDC1041, and 1DC1141, too). The reference 
voltage applied to the REF— input of the TDC1012 
determines the reference current flowing through the 
resistor on the REF+ input. 
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Operational Amplifiers 


The outputs of the operational amplifiers are very versati 
and may be optimized in a number of ways. 


Crossover Distortion 


In applications where low crossover 
distortion is required from the operational 
amplifier, a pull-up or pull-down resistor 
snoura v6 aaded between ine output and 
or V-. The value of the resistor should be 
selected to pull an additional 1mA from the 
amplifier output. This additional class-A 
current flowing in the [DC4614 output stag 
will increase power dissipation slightly and 
minimize crossover distortion. 


\/ 


Driving of Capacitive Loads 


The output resistance of the amplifier in 
combination with the capacitive load 
determines the dominant pole of the 
amplifier and limits its frequency stability. 
When driving a capacitance of up to 200pF, 
pull-up or pull-down resistors used to 


le 


vr 


S 


improve crossover distortion will also ensure 


frequency stability. 


Output Voltage Swing 


Unloaded, the 1DC4614 amplifier outputs can 


swing to within 300mV of the negative power 


supply voltage, V—. A resistor connected 
between the output and V— will increase th 
voltage swing, closer to V—. If the output 
load is referred to V+, the negative-going 


C 


output swing Is increased but bandwidth and 


slew-rate are reduced. 


4] 


Cu 


TDC4614 Tw 


Figure 4. Reference Equivalent Circuit 
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Figure 6. Typical Application of TDC4614 as a Reference for the TDC1012 D/A Converter 
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Typical Performance Characteristics (Operational Amplifer) 


i ht | ie 


V+ = oV, V- = GND = OV, Vong = V4/2, Vout = V+/2 Ty = 25°C, unless otherwise ‘tal 


A. Input Common-Mode Voltage Range 
vs Temperature 
V+ 


OUTPUT GOES LOW ae 


V+ -0.5 


Te 
TOOT Lb 
piace 


COMMON — MODE VOLTAGE (V) 


— 7 il 
~60 -40-20 0 20 40 60 80 100 120 140 


JUNCTION TEMPERATURE (°C) o1adia 


C. Input Bias Current 
vs Junction Temperature 


BIAS CURRENT (nA) 
NO 


a es Ee ee ee 
12 ST 


-60 -40 -20 0 20 40 60 80 100 120 140 
JUNCTION TEMPERATURE (°C) >; 449, 


E. Slew Rate vs Temperature and 
Output Sink Current 


MeSECCOSCGn 
oa Vem = OV IS WORST CASE 


SLEW RATE (V/ps) 
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JUNCTION TEMPERATURE (°C) o1AATA 


. Input Offset Current 


vs Junction Temperature 


los (pA) 


-2000 
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. Vos vs Junction Temperature on 


9 Representative Units 
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Output Voltage Swing 
vs Temperature and Current 


OUTPUT VOLTAGE (V) 


-60 -40 -20 0 20 40 60 80 100 120 140 
JUNCTION TEMPERATURE (°C) 5,446, 
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Typical Performance Characteristics (Operational Amplifer) 
V+ = 5V, V- = GND = OV, Vey = V4+/2, Vout = V+/2 Ty = 25°C, unless otherwise noted 


G. Input Bias Current H. Output Sink Current vs 
vs Common-Mode Voltage Output Voltage and Temperature 


20 


2.8 < V+ < 36V 
10 | NEGATIVE INPUT = V- 


INPUT CURRENT (pA) 
i—} 
OUTPUT CURRENT (mA) 


-20 
401234 5 10 20 40 60 80 


INPUT VOLTAGE (V) V- 
21443A 


+ 
SUPPLY REFERENCED V 9) ,7 (V) 


21453A 


|. Slew Rate vs Temperature with J. Small-Signal Pulse 
Common-Mode Voltage below V- Response vs Temperature 
80 . 
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K. Small-Signal Pulse L. Large-Signal Step 
Response vs Load Response 
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Typical Performance Characteristics (Operational Amplifer] 
V+ = 5V, V- = GND = OV, Veqy = V4/2, VgyT = V+/2 Ty = 25°C, unless otherwise noted 


M. Small-Signal Voltage Gain FS N. Follower Small-Signal 
vs Frequency and Temperature — | | Frequency Response — 
140 


Gr |} Vee 1BV 
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«125°C aw 
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Q. Output Impedance 
vs Frequency and Gain 


IMPEDANCE (Q) 


102 2 3 | 
10 10 10 104 105 496 


FREQUENCY (Hz) 21456A 


52 TRW LSI Products Inc. 


TDC 4614 


Typical Performance Characteristics (Operational Amplifer) 


A ANT 


V+ =5V, V-= GND = OV, Vex = V+/2, Vout = V+/2 Ty = 25°C, unless otherwise noted 


R. Op Amp Voitage Noise 
vs Frequency 


1000 ~———=-= 


i 
NN ani E 
1 HEHE 
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T. Common-Mode Input 
Voltage Rejection Ratio 


CMRR (dB) 
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V. Negative Power Supply 
Voltage Rejection Ratio 
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Op Amp Current Noise 
vs Frequency 
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Typical Performance Characteristics (Reference) 


Tj=20°G, FEEDBACK pin shorted to V— = OV, unless otherwise noted 


W. 


AA. 


Reference Voltage vs Temperature 
on 5 Representative Units 
1.26 


REFERENCE VOLTAGE (V) 


60 -40 -20 0 20 40 60 80 100 120 140 
JUNCTION TEMPERATURE (’C) 5,465 


Feedback Current 
vs Feedback-to-Anode Voltage 
20 
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Power Supply Current 
vs Power Supply Voltage 


SUPPLY CURRENT (pA) 
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X. 


Reference Voltage vs 
Temperature and Bias Point 
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Feedback Current vs 
Feedback-to-Anode Voltage 
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Reference Voltage 
vs Reference Current 
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7 AmItwy 
Typical Performance Characteristics (Reference) 
Ty = 25°C, FEEDBACK pin shorted to V— = OV, unless otherwise noted 
CC. Reference Voltage DD. Reference Voltage 
vs Current and Temperature vs Current and Temperature 
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Resistance vs Frequency 
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Typical Performance Characteristics (Reference) 
Ty = 25°C, FEEDBACK pin shorted to V— = OV, unless otherwise noted 


Il. Reference Power-Up Time = JJ. Reference Voltage with 
oO a Feedback Voltage Step 
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Ordering Information 


Product Temperature Range Package Package 
Number Marking 


TDC4614B9F | EXTTA=85°C 10 125°C | to 125°C | Commercial =| 16 | T6PinCERDIP | | T6PinCERDIP | 4614B9F 


TDCAETANGG Tac to 7 ‘Pin PastcP | a6TANRC 
TDC4614M9C TA=0°C to 70°C 16 Pin Plastic SOIC 4614M9C 


All parameters in this specification are quaranteed by desian. sample testing nr 190% testing as annronriate, TRW reserves tha right to make Chaiigés to products and 
specifications without notice. This information does not convey any license ‘under patent rights of TRW LS! Products Inc., TRW Inc., or others. 


Life Support Policy 


to result in personal injury. The user of TRW LS! Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 


TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
Inc. against all damages. @ 
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THC4940 


Track and Hold Amplifier 
150MHz, Small Signal Bandwidth 


The TRW THC4940 is a fast sampling, wide-band track = THC4940X2A has its performance guaranteed over the 
and hold amplifier that offers ultra-fast switching perfor- —55°C to +125°C case temperature range and Is 
mance plus an unprecedented array of supporting specifi- manufactured in facilities certified to MIL-STD-1772. Both 
cations. This combination ensures that the accuracy indi- versions are available in 24 pin ceramic DIPs. 

cated by the switching specifications is fully realized, | ol 

even at the highest sampling rates. Features 


10ns Hold-lo-Track Acquisition Time Cz 


12ns Track-Io-Hold Settling Time 

1ps Aperture Jitter 

150MHz Small Signal Bandwidth 

74dB Feedthrough Rejection @ 20MHz, Vin = 2Vp- pe 
ECL And TTL Compatible Contro! Signals 

Available In A 24 Pin Ceramic DIP 


The THC4940 contains a high-performance output 
amplifier capable of driving loads of up to 90pF, which 
includes the capacitive loads of many flash converters, 
without the need for an additional buffer. For loads of 
greater than 90pF, the TRW THC4231 low gain, wide- 
band op-amp is recommended. 


The THC4940 is a welcome addition to A/D conversion 
systems, especially those employing high-resolution sub- ee 
ranging architectures. Its use can improve both signal-to- Applications 

noise ratio and full-power bandwidth of even the finest Echo Ranvener Egan end 


flash A/D conversion systems. 

ite High-Resolution, Sub-Ranging A/D Converter 
The device requires only +15V power supplies and can System Driving 
accept either ECL or TTL contro! signals. The Signal De-Glitching For CCD And D/A Sisiens 
THC4940X2B has guaranteed performance over an Communications Systems 
industrial temperature range of —25°C to +85°C. The Banari IE Processors 
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Pin Assignments — 

NC 
NC 
+Vcc1 
NC 
NC 
NC 
NC 
+Vcc2 
+Voc 
Vout 
Voc 

NC 


24 Pin Ceramic DIP — X2 Package 


Functional Description 


General Information 


The THC4940 consists of an note butter, diode bridge - 
(which serves as a switch) and driver, hold capacitor and 
output buffer. In the TRACK mode, the diode bridge is 
turned on by its driver circuit and conducts the signal 
from the the input buffer to the output buffer. Since the 
output impedance of the input buffer is small compared: 
to the impedance of the hold capacitor, the signal passes 
to the output without loss. This allows the voltage at the 
hold capacitor to track the input voltage. 


When the HOLD command is given, the diode bridge Is 
turned off by the driver circuit which puts the diode 
bridge into the high-impedance (open) state. This dis- 
connects the input buffer from the hold capacitor and 
output buffer. In the HOLD mode the voltage seen by 
the output driver is the DC voltage present on the hold 
capacitor. Since the input impedance of the output buffer 
is very high, the loading on the hold capacitor is very 
small, so the hold capacitor discharges slowly. This main- 
tains the output of the THC4940 at the level of the 
input when the HOLD command was given. 


When the device is returned to the TRACK mode, the 
diode switch closes, allowing the input buffer to begin 
charging the hold capacitor to the input voltage which it 


will continue to track until the device is again switched 
to the HOLD mode. 


Power 


The THC4940 operates from three pairs of supply 
voltages. The supplies for the input buffer, output buffer 
driver and output transistors are brought out to separate 
pins so that they may be decoupled to allow high feed- 
through rejection. They may all be driven from the same 
+15V supply as long as the pins are properly decoupled 
as shown in the Typical Interface Circuit. They may 
also be driven from supplies of different voltages if 
desired. 


TRACK/HOLD Control 


Switching between TRACK and HOLD Is controlled by a 
differential pair input. When the voltage on TRACK (pin 
2) is greater than the voltage on HOLD (pin 1), the - 
THC4940 is in TRACK mode. Likewise, the device will be 
in HOLD mode when the voltage on HOLD (pin 1) Is 
greater than the voltage on TRACK (pin 2). These inputs 
are compatible with most logic families and specific 
applications are covered in the TRACK-HOLD Switching 
Control section. 


Analog Input 


The analog input is buffered, providing a high input 
impedance of typically 20 kOhms in parallel with 3pf. 


Analog Output 


~The analog output represents either the voltage at the 


input (TRACK mode}, or the voltage at the input when 
the HOLD command was given (HOLD mode). It is 
buffered with a 10 Ohm output source impedance (at 
1kHz), and can drive loads of up to 90pF with full 
performance. 


No Connects 


Several pins have no internal connections to the chip. 
These pins should be left open (disconnected). 
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Package Interconnections 


Type Name X2 Package Pins 
— i 160V } 6 

Ve TBI 2 

Veg TBO i 

“Vee “50 i 

“Vee “15a 

“Veer =isaV L 

SND anv ET 
Controls TRACK TTL or ECL 2 

HOLD TTL or ECL 1 


Input VIN Analog Input —2.2 to 2.2V 6 CS - 
Output VouT Analog Output —2.2 to 2.2V 15 


No Connect NC p None 7, 8 9, 13, 18, 19, 20, 21, 23, 24 


Figure 1. Timing Diagram 


+1V 
ANALOG 
INPUT | 
OV 
Insl/div 
POINT ON INPUT SIGNAL 
THAT IS ACTUALLY HELD 
-1V 


ANALOG 
output | 


Insidiv 


+0.5V 


Voto ~ YTRACK 
(DIGITAL INPUT) 


Insidiv 


-0.5V 
TRACK 


Note: 1. There is an analog delay of about 3ns from the analog input to the analog output. (The input amplifier contributes Ins and the output amplifier contributes 2ns.] 
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Definitions 
Acquisition Time (t,) 7 
Acquisition Time (HOLD to TRACK) is the time required 


for the TRACK and HOLD to acquire the input signal (to - 


a specific settling precision) when it switches modes 
from HOLD to TRACK. It is the time from when the 
output starts changing to when it has settled to a 
specified accuracy. | 


Analog Delay (tp) 


Analog Delay (input to output) is the time required for a 


~~ signal to travel from the analog input to the analog 


output. It is typically 3ns for the THC4940. 


Aperture Error (Eqp) | 


Aperture Error (or aperture uncertainty or jitter) is the 
Sample-to-sample variation in Effective Aperture 

Delay which is caused by a small amount of noise 

in the switch control circuitry. Aperture Jitter changes 
the time at which the device goes into HOLD mode. 
Aperture Jitter, coupled with the rate of change 

(slew rate) of the signal at the storage capacitor, causes 
an error in the held output voltage. (Output voltage 
error AV/AteAt, where AV/At is the slew rate and At 
is the aperture jitter.) 


Droop Rate (DR) 


Droop Rate Is a drift in the held output voltage. It is 
caused by leakage currents flowing into (or out of) the 
storage capacitor from the switching circuit and input 
stage of the output amplifier. 


Effective Aperture Delay (tsTo) 


Effective Aperture Delay tells when the input is actually 
sampled. It is the time from when the HOLD command 
Is given to the point on the input waveform which is 
held. It does not include analog propagation through the 
output buffer to the output pin. It takes into account — 
two delays: the input signal transit time through the 
input amplifier and the time needed for the switch to 
open after the part is given the HOLD command. 
Typically, the Effective Aperture Delay is 2.5ns which 
means the held voltage is that which was at the input 
pin 2.5ns after the HOLD command was given. 
(Conceivably, Effective Aperture Delay could be negative 
if the transit time through the input amplifier were 
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~ longer than the delay in the switch, though this is not 
_ the case here.) 


- Feedthrough Rejection (FTR) 


Feedthrough Rejection (or analog input isolation) is the 
measure of how well the switch keeps input signals from 
leaking through to the output in the HOLD mode. It is 
the ratio of the analog AC signal at the output to the 


signal at the input while in HOLD mode (switch open). 
- Since the signal that feeds through is due in part to the 


capacitance of the switch, Feedthrough Rejection 
worsens with increasing analog input frequency. There 
are also switching transients which feed through from 
the digital inputs, however, these quickly settle out and 
are accounted for in the Acquisition Time and TRACK- 
to-HOLD Settling Time specifications. 


HOLD-to-TRACK Switch Delay (ty7) 


HOLD-to-TRACK Switch Delay is the time from when the 
TRACK input (pin 2) becomes more positive than the 
voltage on HOLD (pin 1} (the initiation of the TRACK 
command) to when the output starts to change as it 
begins to acquire the new signal. Typically it is 6ns for 
the THC4940. 


Pedestal Offset (Vp) 


Pedestal Offset (or TRACK-to-HOLD offset) is an output 
offset voltage found in the HOLD mode. It is caused by a 
small amount of charge being injected into or out of the 
storage capacitor when the (diode bridge} switch opens. 
In practice, this offset is treated the same as an output 
offset voltage. Unlike most other TRACK and HOLDs, the 
Pedestal Offset of the THC4940 is virtually unaffected by 
changes in the analog input voltage. 


TRACK-to-HOLD Switching Transient (VsT) 


TRACK-to-HOLD Switching Transient is the switch-induced 
transient voltage that appears at the output immediately — 
after the THC4940 switches from TRACK to HOLD. 


TRACK-to-HOLD Settling Time (tsF7) 


TRACK-to-HOLD Settling Time is the time required for 
the TRACK-to-HOLD Switching Transient to settle to 
within ImV of Its final value. 
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Absolute maximum ratings (beyond which the device may be damaged) ! 


Supply Voltages 


VECr VEC Ie VERON acti ctereanten rican iota er acid erin oneree tei neon planta mianGteul mamma veinendas +20V 
(Vier Veet HRV Elo) eisicerieutent danoteieciaemames seeseeeenneeeaneteneetnatesneetnnatoesunensennaseeinnanennaee caucee —20V 
Input Voltages 
VINE (DOWOR SAD UGG) ss scsnscaanesyaatensdctsstenten tosis twnhces aituayiacon uaaroeigass ya aielyai ang ised Fasmnnmna a taaiay eapaareal aaA BU Maaacaan eat aap na eas +5V 
(Os POWER TAPCO) feces, casussnsesoayccsasatta cote coat sia tshicebanieas shy a ialeitacsu ted tuned a aa ease dea siettea mem eanieanlannas ects eaal aisle eases +3V 
TRACK: “HOLD (Refer enc@d: 10 Grou): scstccssciseetesscsnscovavedenrssandessdedseste! chase se atdtidesseatanbadteasaie Hanvebecgacquateaaeaeuwenadneion +(Vec1 — 9V) 
(differential with respect to Cah Other) occ cccsssssssssesssessssssssssssescscevsssssssacessacscsvsssusscssssesssessacavacaenees +3.5V 
Output 
CUPTOMC: PROMI V ey Jip orcas sa coasortca racer teeenctas hear tatiana aes lees eee ated arora cla pamsiunmads +50mA Continuous 
Temperature Cc 
Operating, case .............. AP occa we Seas wt tie etre bust Oona Aut dos Lola oe sentepu Meatane tee’ sokbyts Ue atiadacd ys use duel; weieaea aa a —65 to +130°C 
PUMCUON spcreecscedodsscsassisssiwiersstiatarternetiaintert SuaReciah aah tag fattest tele at nree ten heiae rasta teens uien aes keiteenrrentiens + 175°C 
Lad SOIMSE ING 1 10) SECO IS |i cot sscist est sucpucsaceaceaooteieesesincallicesaseceatooaaecsewcaseds os dedeeonanaiadunpeteuntetans tes tacesvaetea sees tlebon lenges + 300°C 
SS FEE a sccgn vases utc esc acascaah ssi evades cceasstuued nace stacercee a se cnGecs cae se tras canine utd ence ve bene ema a vata ce aes —65 to +150°C 
Reliability 
Mean Time Between Failures 2 .......ccssssssssssseccsssessssescesssesessseeessees inten cide ea caateadetea last ocatteatiaacs ty Mice Morpeetactinaenas 1.6 x 10 Hours 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if Operating 
Conditions are not exceeded. 


2. A-grade, Ground Fixed environment @ Tp=70°C, per MIL-HDBK-217E. 


Operating conditions 


Temperature Range . 
eee 
Parameter | Min | Wp | 


+Vec, +Vec1, +Vec2 Supply Voltages + 14.25 + 15.00 +1575 | +14.25 + 15.00. +1575 | V 
-Vec. -Vec1. —Ver2 Supply Voltages | = 14.25 | 1500 | —~1575 | -14.25] —1500 | —15.75 


V 
V 


VIDE — Digital Input Voltage, Differential] 0.3 2.5 0.3 Pe ta 
(VHOLD—- YTRACK!! 
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DC Electrical characteristics within specified operating conditions (Rj = 100 Ohms, Vcc = +15V) 


min [ Typ | Max | Units 


Parameter 


Vos OfsetVoage ae 
TCyops Offset Voltage, Tempco , End-Point Average 


WH Input Bias Current, Logic HIGH 
lL Input Bias Current, Logic LOW 


RIN Analog Input Resistance fC 


Cin Analog Input Capacitance 
lip Analog Input Bias Current 


PSRR Power Supply Rejection Ratio Tso | |slo |] dB 
=< a 
co CB I 


Note: 1. Vjyy=0, TRACK mode, no load. 


AC Electrical characteristics within eal operating conditions (| = 100 Ohms, ug + 15V) 


Parameter Test Conditions | Min | | | Max | Min | i 
TRACK Mode He 
Ay — Gain. Note 2 0.98 0.98 1.00 VIV 


To, Gain Tempco Lan i ER Soe OE pam 
NEq__Gain Non-Linear [ae | nes | ne os | 


Royt Analog Output Resistance | 1kHz a a. one Ohms 
SSBW Small Signal Bandwidth | ST eee 8 Ee ee Ee MHz 
HD2 2nd Harmonic Distortion a cs dBc 


HD3 3rd Harmonic Distortion a dBc 
HOLD Mode 
DR. . Droop Rate Ta =25°C 50 50 | »V/us 


| Tc=—59°C to + 125°C 
- FTR Feedthrough Rejection | 20MHz, Vjy=2Vp-p 


Notes: 1. -—3dB bandwidth. 
2. 1kHz, 4Vp-p, no load. 
3. 2Vp-p, 20MHz, Ry =1 kOhm. 
/ 


~~ 


a ee 
Taz 20°C to FOC kk 
nee a 
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Switching characteristics within specified operating conditions (Rj =100 Ohms, Vcc =+15V) 


Temperature Range 


| _ Industrial =| Extended 
Parameter Test Conditions | Min | Typ | Max | Min | Typ | Max | Units 


TRACK-to-HOLD Switching 
tory TRACK-to-HOLD Settling Time To ImV 12 18 12 ns 


Eap Aperture Error 


vor SwicinoTomion | Foe | | = | * | | =| @ | ma 


HOLD-to-TRACK Switching 
tp Acquisition Time Note 1 10 ns ‘ 
awe? fe ee 


Notes: 1. To 1.0%, Vinj=2Vp-p, Ry =1 kOhm. 
2. To 0.1%, Viyj=2Vp-p, Rj =1 kOhm. 


Typical Performance Curves (T,=25°C, Rj =100 Ohms, Vec= +15V) 


Gain vs. Frequency Feedthrough Rejection vs. Frequency 


= NX 
eae eee ee ed Nal Ns 
Fe ae a eS 
ie Fa Rt ae ee 
ie | 
Sears eS 


GAIN (dB) -10 


-14 
poe Ea (eh a Ve 
aan eas 
0 20MHzidiv 200MHz 
FREQUENCY (MHz) 
2nd and 3rd Power Supply Rejection 
Harmonic Distortion Intercepts Ratio vs. Frequency 


INTERCEPTION PSRR (dB) 


POINT (+dBm) 


FREQUENCY (MHz) FREQUENCY (Hz) 
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Typical Performance Curves (cont.) 


Settling Tolerance vs. Acquisition Time 


10 

09 

“08 

07 

SETTLING 06 
TOLERANCE (%). 


Recommended Rout 
vs. Load Capacitance 


Zioap = 1k | | Cigap 


Rout (2) 


10 — & - 50 7 100 | 250 
CLoap (PF) 


Equivalent Input Noise 


NOISE 
VOLTAGE 
(nV/ Hz) ee 
10 
5 . Sale eee CEA 
(a.anviN Hz) = 
2 
10! 102 103 ots 0 08 tt 
FREQUENCY. (Hz) 
Switching Transients and Pedestal 
TRACK-TO-HOLD TRANSIENT ae ee 
PEDESTAL OFFSET 
5mVidiv 


ee ek HOLD-TO-TRACK TRANSIENT 


10nsidiv 
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. 20 
ACQUISITION 
TIME (ns) 


Rout CHOSEN FOR BEST ACQUISITION TIME. 
- SEE Roy, vs. LOAD CAPACITANCE PLOT. 


10 25 50 2 8©=—o75—s 100 250 
CLoaD (pF) 


Droop Rate Magnitude 
vs. Temperature 


MAGNITUDE OF 
DROOP (u Vis) 


-50  -25 0 +25 +80) 039 +75) +100 +125 
AMBIENT TEMPERATURE (°C) 


Figure 2. Typical Interface Circuit 


CAPACITANCE IN iF 


ANALOG 
ANALOG INPUT Rae 2 OUTPUT 


TRACK HOLD. GND 


Notes: 1. Use 20 or 33Q when using +12V supplies. 


2. For capacitance loads. See the Roz vs. Load Capacitance curve for the 
value of Rowyr. 
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THC4940 7Ityy 
| IAA | | 
Figure 3. Thermal Model : Pryy = [Vee - Vout ~ leol'Reat + 100ggi(% duty cycle that XXX is onl 
| ee case Pyyy is the power in either the npn or pnp output transistor. 
| For Vout > 0, the power is in the npn and +Vpg = +Voe. 
For Vout < 0, the power is in the pnp and +Vo_ = —Ve¢. 
Oca leol = Vour!Rigag of 4mA whichever is greater. 
Reo} is the external resistor between the XXX collector and +Vpp. 
Example: Vout = +1V, 30% duty cycle 
Vour = ~2V, 70% duty cycle 
Reol = 932, Rigag = 100 Q 
Tambient 
/ a \ / \ly a \ 
}(s0 : ee (0) = 0.041W 


Beg = 23°C/W in still air without a heat sink. With heat sinking or air flow, Op, 
will be lower. 


Thermal Model Calculations 


Poir = 'ect [+Vect - '-Vocall + NecaVec2 ~ (-Vocall 
ley is the supply current to +Vp¢4 (pins 22 and 3). 
loca iS the supply current to +Vpe9 {pins 17 and 12). 
Typical values are +Va,q7 = £15V, logy = S4mA, #Voe9 = +12V, Ine = TomA. 
SO Pair = (34mA)(30V) + (15mAN24V) = 1.38W 


if 
Pins ee ve a 


-WV ( Vv \f Cc 
Pony =| ~16V ~ (-2V - (ae JO + 100) {A} (70%) = 0.170W 


100 Q 


Tease = Ptotal Oca + Tambient = 'Peir + Poon *+Ponp! Aca * ‘ambient 
Toir = Pojl16°CW) + Tease 

npn = Pnpn(200°CIW) + Tease 

Tionp = Ponp (200°CIW) + Tease 


Layout Considerations 


For optimum performance from any precision high- 56a, 
track-and-hold such as the TRW THC4940, a good © 
printed circuit board layout is necessary. First, a ground 
return path must be provided for signal current loops. 
One such loop is formed between the signal source and 
the termination resistor at the analog input of the track- 
and-hold. Another is formed between the source of the 
digital sample command and the termination resistors at 
the digital inputs of the track-and-hold. In the third such 
loop, current from the power supplies flows through the 
track-and-hold output amplifier to the load and then 
through ground return and supply decoupling capacitors © 
to the power supply. Ideally, the input, output, and digital 
input signals should be transmitted via properly- 
terminated controlled-impedance transmission lines, such 
as microstrip or stripline, which work very well on 
standard printed circuit boards. When a capacitive or 
high-impedance load makes transmission lines unattrac- 
tive, be sure to keep the load within an inch or so of 
the track-and-hold output and provide a wide strip of 
ground plane for the signal current to return to the 
decoupling capacitors. 


In addition, make certain that the ground return paths 
mentioned above do not cross over themselves or any 
other ground return on the printed circuit board. Other- 
wise these various signals will couple to each other and 
degrade the precision of the track and hold. For example, 
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to maintain the feedthrough rejection specification, the 
ground connections of the decoupling capacitors should 
be kept at least one-quarter inch away from the signal 
terminations such as the ground side of Rin. 


The stray reactance of the decoupling capacitors and 
termination resistors must also be kept low. Surface- 
mounted multi-layer 0.01pF capacitors are recommended 
for use right at the power supply pins of the TRW 
THC4940. Radial lead capacitors may only be used if 
they are low-loss types with very short leads. 


Sockets are not recommended, however some low- 
profile “‘bucket’’-type sockets work well. Wire wrap 
methods and boards will severely degrade overall per- 
formance and are not recommended. 


Input Considerations —— | 


The input should be driven from a low impedance source 
not exceeding 100 Ohms, such as the output of an am- 
olifier or a terminated 50 Ohm transmission line. 


TRACK —HOLD Switching Control 


The switch in the THC4940 is controlled by a differential 
pair input. The device will be in TRACK mode when the 
voltage on TRACK (pin 2) is greater than the voltage on 
HOLD (pin 1). Similarly, it will be in HOLD mode when 
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TRACK —HOLD Switching Control (cont.) 


the voltage on HOLD is greater than the voltage on 
TRACK. The best switching action is realized when the 
slew rate of the digital input is at least 20V/ ps and 
when the differential signal excursion is no less then 
300mV. In addition, it is recommended that the differ- 
ential voltage on these pins not exceed +2.5V while the 
absolute pts on either pin should not exceed 
(|\Vec1|—11V). This voltage range accommodates most 
logic families. | 


Differential ECL signals may be fed sive to the digital 
control inputs, each of which represents less than one 
ECL 10k load. In Figure 4, the THC4940 is in TRACK 
mode when the non-inverting ECL output is HIGH. 


Figure 4. Differential ECL Control | 


A single-ended ECL signal can be fed directly into one of 
the digital inputs while the other pin is biased at -1.4V 
to accommodate ECL voltage levels. In Figure 5, the _ 
THC4940 is in TRACK mode when the ECL output is 
HIGH. | 


Figure 5. Single-Ended ECL Control 


68 


For totem- pole- -output TTL, a similar connection scheme 
is used but with a bias voltage of +1.4V. The digital 
input represents about 5 LS TTL loads at a HIGH level. 
In Figure 6, the THC4940 is in TRACK mode when the 
TTL output is HIGH. 


Figure 6. TTL Control — | 


Driving Capacitive Loads 


In order to maintain performance while driving capacitive 


_ loads, a small-value resistor should be placed between | 


the THC4940 and the load. The optimum value of resis- 
tance should be selected from the plot of Royz vs. Load 
Capacitance. For this combination, acquisition time is | 
shown on the Acquisition Time vs. Load Capacitance 
plot. (If the load capacitance is variable, as it is with 
some flash A/D converters, the average typical 
capacitance should be used.) 


Lower Power Operation 


The power dissipation in the output stage transistors may 
be decreased slightly by reducing the output stage supply 
voltages {(+Vec, —Vec} to as low as +5V: This only — 

minimally affects performance while substantially reducing 
output transistor junction empetaliies See Figure 3 tor 

further details. 
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Temperature Range Package 
Marking 


IND-Ty= —25°C to 85°C Industrial 24 Pin Ceramic DIP 4940X2B 
EXT—Te = —55°C to 125°C High Reliability 24 Pin Ceramic DIP 4940X2A 


Ordering Information 


Product Package 


Number 


THC4940X2B 
THC4940X2A 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 


eamnnanant ean raasnnahly ha avnartad tn racult in nerennal iniins Tha tear af TRIAL ISI Pradiirte Ine eamnnnante in fifa cinnart annliratinne acciimaec all riek nf 
SOUS Oo AEN ics te tet ori op Caimi Olah G6) e 1 Biot O LEME Rohs ot AM Ree ot eeLO LoL me aE LCR Fam) ore opto) MODUS GR LEO aE RGGO OLDS aS ee LAL Ora OF 4160s oh ALeSon Lue Modtchel(10 Oe eessLo OM. Oret MLO aise hice iAle tomer mea slo) 


such use and indemnifies TRW LSI Products Inc. against all damages. 


G 
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Signal Synthesis crew 


Direct Digital Frequency Synthesis (DDFS) offers signal flexibility and stability that is unattainable with 
analog techniques. DDFS is the process whereby the digital samples representing a desired analog signal 
are computed. These samples are then fed to a D/A converter for the construction of the analog signal. 
The TMC2340 produces data representing baseband signals up to 12.5MHz (higher with aliasing or 
multiplexing techniques) with a 0.006Hz frequency resolution and can change frequencies cleanly in 
25ns. It produces a pair of 16-bit quadrature outputs. 


The synthesizer can produce Frequency Modulation (FM) or Phase Modulation (PM) simultaneously 


with Amplitude Modulation (AM). It is carefully designed to drive the TDC1012 signal synthesis D/A 
converter. to create the lowest-distortion digital svnthesizer subsvstem available todav. 


TRW LSI Products Inc. 1 


Signal Synthesis | Trew 
Frequency 
Clock Rate ' Resolution SFDR | ee. *., | : 
Product (MHz) (Hz) (dB) Output Package Grade 2 Notes Page 
Digital Frequency 
Synthesizers _ 
TMC2340-1 25 0.006 106 Dual 16-Bit H5. 120 Pin PPGA C AM, FM, PM Inputs. D3 
L5 132 Lead CERQUAD V Quadrature Outputs. 
20 0.006 106 Dual 16-Bit H5 120 Pin PPGA C 
L5 132 Lead CERQUAD V 
Differential 
Linearity Conv Rise 
Resolution —_ Error | Rate | Time | 
Product Bits (+ %) (Msps) _ (ns) Package Grade 2 Notes Page 
Associated 
D/A Converters 
TDC1041-1 10 0.048 20 4 R3 28 Lead PLCC C Low Cost 10-Bit Video D/A B75 
10 0.096 20 4 R3 28 Lead PLCC S TTL Interface. 
TDC1141-1 10 0.048 50 4 R3 28 Lead PLCC C Low Cost 10-Bit Video D/A B105 
10 0.096 50 4 R3 28 Lead PLCC C ECL Interface. 
TDC1012-3 12 0.012 20 4 J7,N7 ~—-.24 Pin DIP C Signal Synthesis D/A. B23 
R3 28 Lead PLCC C 70dBc SFDR. Very Low Glitch. 
-2 12 0.024 20 4 J7,N7 ~—-24 Pin DIP C,V, SMD Drives 250 Directly. 
R3 28 Lead PLCC C TTL Interface. 
-1 12 0.048 20 4 J7,N7 ~—s-.24 Pin DIP C, V, SMD 
R3 28 Lead PLCC C 
12 0.048 20 4 J7,N7 24 Pin DIP C, V, SMD 
R3 28 Lead PLCC C 
TDC1112-3 12 0.012 50 4 J7,N7 ~—-.24 Pin DIP C Signal Synthesis D/A. B87 
R3 28 Lead PLCC C 70dBc SFDR. Very Low Glitch. 
-2 1Z 0.024 50 4 J7,N7 ~—-.24 Pin DIP C,V Drives 252 Directly. 
R3 28 Lead PLCC C ECL Interface. 
-1 12 0.048 50 4 J7,N7~—s.24 Pin DIP C,V 
R3 28 Lead PLCC C 
12 0.048 50 4 J7,N7 ~—s.24 Pin DIP C,V 
R3 28 Lead PLCC C 
Notes: 1. Guaranteed. See product specifications for test conditions. 


2. A=High Reliability, Te= —55°C to 125°C. 
B= Industrial, Tp = — 25°C to 85°C. 
C=Commercial, Ty =0°C to 70°C. 
V=MIL-STD-883 Compliant, Te =—55°C to 125°C 
SMD = Available per Standardized Military Drawing, Tp= —55°C to 125°C. 
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Digital Synthesizer 
Dual 16-Bit, 25MOQPS 


The TMC2340 performs waveform synthesis, modulation, 
and demodulation. When presented with a TTL clock 
signal and user-selected 15-bit amplitude and 32-bit 
pnase increment vaiues, the TMC2340 automatically 
generates quadrature-matched pairs of 16-bit sine and 
cosine waves in DAC-compatible 16-bit offset binary 
format. If desired, these waveforms are easily phase or 
frequency-modulated on-chip, and the amplitude input 
facilitates gain adjustment or amplitude modulation. 
Digital output frequencies are restricted only by the 
Nyquist limit of clock rate/2, with frequency resolution of 
0.006Hz at the guaranteed maximum 25MHz clock rate. 


A new data word pair ts available at the output every 
clock cycle. All input and output data ports are 
registered, with a user-configurable phase accumulator 
structure and input clock enables to simplify interfacing. 
The phase data range over a full 27 radians. All signals 
are TTL compatible. 


Fabricated in TRW’s OMICRON-C™ one-micron CMOS 
process, the TMC2340 operates at the 25MHz maximum 
clock rate over the full commercial temperature (0 to 
70°C) and supply (4.75V to 5.25V) voltage ranges, and 
is available in a low-cost 120 pin plastic pin grid array. 
The MIL-STD-883 version, the TMC2340L5V, is housed 
in a ceramic chip crarier and is specified over the full 
extended (—55°C to 125°C) case temperature range. 


Features 
e User-Configurable Phase Accumulator For Waveform 
— Synthesis, Frequency Modulation Or Phase Modulation 


e Amplitude Input For Gain Adjustment And Amplitude 
Modulation 


e Guaranteed 25Msps Pipelined Data Throughput Rate 

e 15-Bit Magnitude, 32-Bit Phase Data Input Precision 

e 16-Bit Offset Binary Or 15-Bit Unsigned Magnitude 
Output Data Format 

e Input Register Clock Enables Simplify Interfacing 

Low Power Consumption CMOS Process 

single +5V Power Supply 

Available In A 120 Pin Plastic Pin Grid Array Package 


Compliant With MIL-STD-883B In A 132 Leaded 
CERQUAD 


Applications 


e Digital Waveform Synthesis, Including Quadrature 
Functions 


© Digital Modulation And Demodulation 


TMC2340 Logic Symbol 


DATA INPUTS 
ENA ~ ™C2340 
AM (14-0) DATA OUTPUTS 
ENP (4.0) OEI 
PH (31 -0) (15-0) 
CONTROLS OEQ 
FM L——/ 9115.0) 
PM 
OBIQ 
CLK 
21271A 
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La Jolla, CA 92038 


Phone: (619) 457-1000 
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Functional Block Diagram 


AM (14.9). ENA Pay gy. 
& 
H RZ A 
Sai = Sa 
pasa 
ans 
& 
4 wt g 


OBIQ 


ENP (40). FM PM 
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Functional Description 


General Information | 


The TMC2340 converts Polar (Phase and Magnitude] 
data into Rectangular (Cartesian) format. The first 
transformed result is available at the outputs 22 clock 
cycles after startup, with new output data available every 
40ns. All input and output data ports are registered, with 
input clock enables to simplify system bus connections. 


The input ports accept 15-bit amplitude and 32-bit 
phase data, and the output ports produce 16-bit 
Rectangular data words in either 16-bit offset binary or 
15-bit unsigned magnitude format. The 32-bit phase 
accumulator handles high-accuracy (0.006Hz at the 
maximum clock rate) phase increment values with 
minimal accumulation error. The flexible input. phase 
accumulator structure supports frequency or phase’ 
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modulation, as determined by the input register clock 
enable ENYP, g and accumulator controls FM and PM. 
The 16 MSBs (Most Significant Bits) of phase. data are 
used in the transformation itself. 


Signal Definitions - 


Power 


Vop. GND The TMC2340 operates from a single +5V 
supply. All power and ground pins must be 
connected. 


Clock 


CLK The TMC2340 operates from a single clock. 
All enabled registers are strobed on the 
rising edge of CLK, which is the reference. 


for all timing specifications. 
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Inputs/Outputs 


AM14-0 


PH31-0 


15-0 


015-0 


Controls 
ENA 


ENP g 


01 


AM 4-9 Is the registered peak amplitude 
15-bit input data port. AM4q is the MSB. 


PH31-9 is the registered Phase angle © 


increment 32-bit input data port. The input 
phase accumulators are fed through this 
port in conjunction with the input enable 
select ENP1 g. PH31 is the MSB. 


I45-9 Is the registered X-coordinate 16-bit 


output data port. This output is forced into 


the high-impedance state when OEI=HIGH. 


Ig is the LSB. i will be ‘‘stuck at’ logic 


HIGH if OBIO= 


015-9 's the registered Cartesian 
Y-coordinate 16-bit output data port. This 
output is forced to the high-impedance 
state when OEO=HIGH. Qo is the LSB. 
Q45 will remain at logic HIGH if OBIO=0. 


Data presented to the input port AM are 
latched into the input registers on the 
current clock when ENA is HIGH. When. 


ENA is LOW, the data stored in the register | 


remains unchanged. | 


The value presented to the PH input port Is 
latched into the phase accumulator input 
registers on the current clock, as deter- 
mined by the control inputs ENP 9, as 
shown below: 


Instruction 


No registers enabled, current data held 
M register input enabled, C data held 
C register input enabled, M data held 
M register set to 0, C register input enabled 
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FM, PM 


OBO 


ai 


where C is the Carrier register and M is 


the Modulation register, and 0O=LOW, 


1=HIGH. See the Functional Block 
Diagram. 


The user determines the internal phase 
Accumulator structure implemented on the 
next clack hy setting the accumulator 
control word FM, PM, as shown below: 


Instruction 


No accumulation performed 
PM accumulator path enabled 
FM accumulator path enabled 
(Nonsensical) logical OR of PM and FM 


where 0=LOW, 1=HIGH. See the 
Functional Block Diagram. 


The accumulator will roll over correctly 
when full-scale is exceeded, allowing the 
user to perform continuous phase accumu: 
lation through 27 radians, or 360 degrees. 


~ The format select control sets the numeric 


format of the Rectangular data: offset 
binary format when HIGH, and unsigned 
when LOW. This Is a static input. See the 
Timing Diagram. 


Data in the output registers are available at 
the outputs of the device when the respec- 
tive asynchronous Output Enables are LOW. 
When OEX or OEY is HIGH, the respective 
Output port is in the high-impedance state. 


TMC2340 Trew 
NGZ. Atuy 
Package Interconnections a 

Signal 7 Signal | | | 

Type Name © __ H5 Package Pins" | L5 Package Pins 

Power Vpp Supply Voltage C3, E3, H3, L4, L6, L8,.L11, F11, E11, 1, 9, 21, 37, 45, 53, 67, 87, 91, 

| el C11, C8, C6 — | 99, 112, 120 | | 
’ GND S 


Ground D3, £2, E1, F2, G3, K3, L3, L7, K11, J11, | 5, 11, 12, 14, 17, 29, 33, 49, 75, 
G11, F12, £12, D11, C10, C9, B7, C7, C5, | 83, 86, 89, 95, 104, 108, 115, 116, 
124, 129 


Phase Data | 


85, 84, 82, 81, 80, 79, 78, 77, 76, 
74, 73, 71, 69, 68, 66 

61, 60, 59, 58, 57, 56, 55, 54, 52, 
51, 50, 48, 47, 46, 44, 43, 42, 41, 
40, 39, 38, 36, 34, 31, 30, 28, 27, 
26, 25, 24, 23, 22 


F13, G13, G12, H13, H12, H11, J13, J12, 
K13, K12, L13, L12, M13, M12, N13 
L10, N12, N11, M10, L9, N10, M9, N9, 
Ms, N8, N7, M7, N6, M6, N5, M5, N4, 
L5, M4, N3, M3, N2, M2, Ni, L2, M1, 
Li, K2, J3, K1, J2, JI 


D13, D12, C13, B13, C12, A13, B12, A12, 


Outputs | Data 90, 92, 93, 94, 96, 97, 100, 102, 
; B11, All, B10, A10, B9, A9, B8, A8 105, 106, 107, 109, 110, 111, 113, 
. 114 
Q Data A7, A6, B6, A5, B5, A4, B4, A3, A2, B3, | 117, 118, 119, 121, 122, 123, 125, 
ee Al, B2, B1, C2, C1, D2 126, 127, 130, 132, 3, 4, 6, 7, 8 
Controls | ENR | Radius In Enable = | MI). 
PenPio | Phase in fnable -[G@2 SS SSCSC=*di*«CB, 
FFM, PM | Modulation «| AZ MI SSCSCSC~C~C*@*«CG, 
15 
POE |} OutEnable = PEI, —C“(‘;™s*C‘*s:«C 
Pot [tomes fo C*«dC 
No Connect | NC No Connect Pins ae 2, 32, 35, 62, 64, 65, 72, 98, 101, 
j index Pin TF 


Static Control Input 


OBIO determines the numeric format of the output data: 22-cycle data path and is normally hardwired to a 
offset binary if HIGH and unsigned magnitude if LOW. system-specific state. exclusive OR of PH31 and PH3q 
This control acts with 2-cycle latency on the chip's as a sign bit to the corresponding |44-p. 
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Table 1. Data Input/Output Formats — Integer Format 


Bit # 
Port OBIO 31 30 29 ; 16 15 14 0 Format 
AM X 2!4 5 ‘sh. 2 U 
PH X +20 2°! 22 0 gt Bd Se 281 Xa) TIU 
| 0 g|4 20. U 
| 1 2's 2|4 20. B 
Q 0 2|4 29. U 
0 1 215 2\4 20. p 
Notes: i 22 ee two's eee es set 6. Formats: 
nitude bit - since phase angles are modulo 27 an . 
ie accumulator is ai 732 this bit may be WU = Twos Complement/Unsigned Magnitude 32 Bits 
aaron akon U=Unsigned Magnitude 15 Bits 
g a B= Offset Binary 16 Bits 


2. All phase angles are in terms of a radians, hence 
notation "Xz." 


3. A sign-and-magnitude ‘’Q” output is obtained by 
appending the input bit PH31 as a sign bit to the 


corresponding {i.e., delayed 22 cycles) 014-0. FFFF a(2—27!9) 
4. A sign-and-magnitude ‘‘l’” output is obtained by —— -- -- 
appending the exclusive OR of PH3) as a sign bit to 8001 1 atl —9°15) a1 42°15) 
the corresponding 144-9. 8000 0 
-T : T 
5. When OBIQ=0, outputs 115 and O75 become ‘do not -15 -15 
connects’ and will stay logic HIGH. (They may be wired TFFF 32761 > mi—2°") ali-2°") 
to Vpp, left open, or connected to any logic input sie as ee 
without damage to the part or excessive power 0001 1 ~—32767 zigls my al 
Sonsemptony 0000 0 ~32768 0 0 
“Hex’’ column contains the 16 MSs of the 37 tet phase ipa 
(16 LSBs are 0), the 15 bits of the atmpltuide imped oe the th fet 
of the offset binary output. 
Figure 1. Timing Diagram, Operating Conditions 
0 | 1 2 22 | 23 | 24 


TTT XX) To 
08a KAAAAAAAAAAAAA. ..  — — — N DANA i 


| 
uu = XXX XK KKK KX 
—>|'s| 4 /<— oo 

nena =» KKKKK EN XXKK EH) 

| | 
AM (14-0) PH (31 - 0) XX XXX * XXXK 8) seea tos lp 

nme <> <— ho 
ae . XX «a XX 10) ) XX 


pee | | | 21273A 
Note: 1. OEl, OEQ = LOW 
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Figure 2. Timing Diagram, Phase Modulation 7 


' ee GD 0D EDAD, 
oe es (MEN LN (Ni \ [\E\ L\ 

. OEI, OEQ = LOW. 

Carrier C and peak amplitude A loaded on CLK 0. 

. Modulation values |, J, K, L,... loaded on CLK 1, CLK 2, etc. 

. Output corresponding to modulation loaded at CLK i emerged too after CLK i + 21. 

. To modulate amplitude, vary AM with ENA = 1. poaah 


Notes: 


Figure 3. Equivalent Input Circuit Figure 4. Equivalent Output Circuit 


Vop Vop 


n SUBSTRATE 
D1 


n SUBSTRATE 


CONTROL 
INPUT 


p WELL 


21120A 21121A 


Figure 5. Transition Levels for Three-State Measurements 


TENA 


OEI, OE0 


THREE-STATE 
OUTPUTS 


0.5V 21275A 
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Absolute maximum ratings (beyond which the device may be damaged] | 


SOUNDING BG cto cares teees cots es aces aches ees Soca vis ceased oma a Spo Neda an aN Ceo Pie ese canals ta toes Ret laa gaa se —0.5 to +7.0V 
LET i C+) 6 | Ane Otero eC ee ep RO at Pec RETR aeRO RT OEE —0.5 to (Vpp+0.5)V 


Output Voltage 


FOYT 110 BEY(1| | (0 (ont EO eet PPO ON EE UPN oT Ya —0.5 to (Vpp+0.5)V 2 
POL GGU Gi ch GN iE teeicasiecstonitees eos. cect ciate eters cauate nant dome area hee es Se ne tee ae —6.0 to 6.0mA 2:4 
Short-circuit duration (single output in HIGH state to Ground) uu... ceesessescesesesescstsessssssrscsessssecsesssesecsessesenenentetss 1 Second 
Temperature 
OOGBF ATH, CASE iacteseicscetea cute dectausee casa sats cingteatinss ata naesae nti as tga ened acaatan aes ener bia ge tent —60 to +130°C 
PAIEUC UH I vas tssa cogs sagan des sade as oe ep stan sha stants eka re sca anna tonic iad ees aes Sete ee 175°C 
Lead: Soldering: (10! SECOMGS): 5 ecccccastisseess caresses ect sacaeavates wsiatat tarzsua oad ces test desten pena tans Aaecsensta tema ctantaods itunes 300°C 
AS) (01 [0c RR eee Or PAP Tn ORC rr eT EER et —65 to + 150°C 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 
2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


Temperature Range 
Standard 


Parameter Test Conditions 


Vop Supply Voltage 4.75 5.25 


Vib Input Voltage, Logic LOW 


Vin Input Voltage, Logic HIGH ee en el 


Ro 
oS 


loL Output Current, Logic LOW 
lou Output Current, Logic HIGH 


oo 
o1 
=} 
” 


tcy Cycle Time Vpp= Min 


tpw_ _ Clock Pulse Width, LOW Vpp= Min 
TMC2340-1 


tpyH Clock Pulse Width, HIGH Vpp=Min 


ts Input Setup Time eenes 
TMC2340-1 


> 
oi 
S 
n 


= 
= 
o 
RO 
ww 
f 
oO 
ts 
= 
NO So ad 
oO 
| 
= 
oO 


— 
oo 
pa 
” 


ty Input Hold Time 


— 
NO | Bo 
— 
”n 


~~ 
Oo 
—_ 
NO 
(S) 
° 
i) 


Ta Ambient Temperature, Still Air gee al 


Te Case Temperature 
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Electrical characteristics within specified operating conditions ' 


eae Range. 


Extended 
| 10 | 


Parameter ee Test Conditions Units 


lppq Supply Current, Quiescent Vpp = Max, Vin = OV 


Ippy Supply Current, Unloaded Vop = Max, f=20MHz 
OEI and OEQ=Vpp a 


|, Input Current, Logic LOW Vpp = Max, Vin = OV 

ly Input Current, Logic HIGH Vop = Max, Vin=Vpp 
Vo, Output Voltage, Logic LOW Vop = Min, Io, =Max 
Voy Output Voltage, Logic HIGH Vop = Min, Igy =Max 


loz. Hi-Z Output Leakage Current, Output LOW | Vpp=Max, Vjnyy=0V | 
lozH Hi-Z Output Leakage Current, Output HIGH } Vpp =Max, Vin =Vpp 


los: Short-Circuit Output Current Vpp =Max, Output HIGH, one pin to | —2 
ground, one second duration max. 

C Input Capacitance Ty = 25°C, f= 1MHz 

Co Output Capacitance Ty = 25°C, f= 1MHz 


Note: 1. Actual test conditions may vary from those shown, but specified operation is guaranteed. 


ep 


eS NR 
> 


| 
i) 
oO nN 
<= 


Switching characteristics within specified operating conditions 


Temperature Range : 


Parameter — Test Conditions — Min Max | Min | Max | Units 
ee ee eS ee ee 
i. MO (mee LM Ma : 
ng Oat Bese Boy | Von =Win gana [| a] 
a 
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Phase/Amplitude to Sine/Cosine Conversion 
Geometry 


Polar-To-Rectangular Conversion Geometry 


The TMC2340 performs a coordinate-space transfor- 
mation according to the familiar trigonometic 
relationships shown in Figure 6. 


With constant amplitude and phase increment values and 
either FM or PM HIGH, the TMC2340 will output a 
series of complex number pairs representing the 
horizontal and vertical projections of a vector rotating 
about the origin, 1.€., a cosine wave and a sine wave. 


Figure 6. Input to Output Relationship for Sinusoid Generation 


2 


Xour (n) = AM(n) COS (PH © n) 


; 


-AM/2 


“AM 
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AN/2 


-AM/2 


Your (n) = AM(n) SIN (PH @ n) 


AM 


t=nifcLK 


-AM 
At point "a" n= 27/Pry d 


t= nffoLk 


21276A 
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Digital Waveform Synthesis 


Waveform Generation and Modulation 
Utilizing the internal phase accumlators in a TMC2340,. 


users can easily generate high-accuracy digital. quadrature 


sinusoidal waveforms with minimal support. The 32-bit 
data path ensures negligible cumulative error in most 
applications, and the accuracy of the transform is limited 


only by.the truncation of the result to 16 bits prior to .. 


the Transform Processor and the +1 LSB maximum error 
of the transform algorithm. Amplitude Modulation is of 
course performed simply by varying the amplitude input. 
Either Frequency (phase angle shifted by the cumulative 
sum of the modulation input) or Phase (phase angle 
shifted by the instantaneous modulation input) 
Modulation can be realized by cen the TMC2340_ 
as shown in Figures 7 and 8. 


Figure 7. Performing Phase Modulation 


AM(44 : 0) H@31 : 0) 


he AER 
PEAK 
> AMPLITUDE > oouson MODULATOR [> CARRIER 


Seer al 
¢ PC 


CORE 


21277A 


In Figure rh ‘the output valid during clock sing edge 
mM+22 is: 


eae = AMmcos|PHm+mPC) 
On+22= AMpsin(PHy + mPC) 


_. where PH and AMyp are the chip inputs at rising edge 


m, PC is the (constant) carrier phase increment, PM =0, 
PM? m=, and FMy.=0. 


Expressed in terms of time instead of clock cycles, 
(rm +.22)folk=AMm/feikcos(PHin/felkl 


where fo, Is the vecreny of the square wave applied 
to CLK. 


Figure 8. Performing Frequency Modulation 


AM (14 :0) ~PHGt : 0) 


i VE Ry 
Bea ABPIITUGE I > MODULATOR 7 > CARRIER 


‘7 ee. 


32 


CORE 


21278A 
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In Figure 8, the output valid during clock rising edge 
n+22 \s: 


n 
lm +22=AMp cos (© PH, +nPC} 
m= 


n 
QO, 47272=AMp sin (PH, +nPC) 
(is 


where PHm and AMm are the chip inputs at rising edge 
AM, PC is the (constant) carrier phase increment, 
FM,=0, FM2_ »,=1, and PM=0. 


Expressed in terms of time instead of clock cycles, 


n 
lin + 22) /fclk =AMm/fclk COS | » Pimltelk + PC + m/fclk) 
m— ‘ 


Digital Synthesizer with TDC1012 D/A Converter 


Connection of the TMC2340 to the TDC1012 D/A 
converter is straightforward. As shown in Figure 9, the 
TDC1012 data lines are connected to either the | or Q 
outputs. Both outputs may be used, with two TDC1012’'s 
for quadrature synthesis. 


Figure 9. Frequency Synthesizer 


LM313H 


HOST INTERFACE: 


REF+ 


AMPLITUDE 
DATA | AM 4 - 
FREQUENCY 9 Py ENP 1.9 me 
AND/OR i, 
PHASE DATA ae PH 31-0 - m4 
Twc23400 

Ea! 

ace ble > 


GND 
oFQ oBia “DD cLK 


fT | 
20MHz CRYSTAL 
OSCILLATOR 


D4» (LSB) 


REF- COMP Agnp Denp 


Veco CONV FT 


-5.2V 


50 OHM 


TDC1012 


MINI - CIRCUITS 
TT4-1A 


Veca VEED 
INDUCTORS ARE 
FERRITE BEADS 
si | e 
7 soy: 21279 


Note: To use two TDC 1012's in quadrature, connect second TDC1012 to Qyx (MSB) to Qy and ground CEQ. 
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Control of the TMC2340 


The TMC2340 needs to be initialized to tell it what 
frequency. and amplitude sinusoid to generate. To initialize 
amplitude, apply the desired full-scale amplitude to the 
AM input port of the TMC2340 (AM 4 through AMg} 
and pull-ENA-HIGH for one clock cycle. This will load — 
the amplitude. If ENA is held HIGH, then the amplitude 
will follow the inputs on the AM port. If the user 
assumes an implied binary point before the MSB of.the 
AM port, the input range will be 0 to just under 1, and 
the outputs will fall between 0 and 2, with binary points 
after 145 and Q45. 


To set the frequency, the C register must be loaded with 
a value which is the phase increment per clock cycle. If 
the binary point is considered to be just left of the MSB 
(input range is 0 to almost 1) then the output frequency 
is the TMC2340 clock frequency multiplied by the 

number loaded into C. Since C is 32 bits wide, with a _ 
20MHz clock, one LSB represents a frequency increment 
of 0.005kz. 


To load the C register, set ENYP;=1 and ENYPg=0; ~ 


the data presented at the PH port will be loaded on the 


next clock rising edge. 


At this point the TMC2340 has been initialized and can 
be put into one of three modes depending upon the 
states of FM and PM: 


FM=0, PM=0 

In this mode the chip is in standby. The 
unchanging output corresponds to AM 
cos(PM) on the | outputs with PM being 
the phase increment. 


Mode 0 


Made 1 FM=1, PM=0 | 

Frequency Modulation Mode. The chip 
generates an output signal of peak ampli- 
tude AM and frequency determined by — 


accumulating the sum of the phase ~ 
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hundred-millionths of a degree), or a/2 


increment values in the C and M registers 
(more about the M register in a later 
section). 
Mode 2 FM=0, PM=1 
Phase Modulation Mode. The TMC2340 
generates a sinusoid of the frequency 
represented in the C register and the peak 
amplitude in the AM register. On each 
clock cycle, the phase -of the signal is offset 
by the value in the M register. 


Modulation 


The output of the TMC2340 can be phase (Mode 2) or 
frequency (Mode 1) modulated. An unmodulated sinusoid 
results if the contents of registers C and M are held 


~ constant. Its frequency is set by C (Mode 2) or C+M 


(Mode 1}. Since the state of the M register is not 
defined at power up, the M register should be loaded or 


- Cleared to begin operation. 


lf. the signal is to be frequency modulated then the 


modulation signal is loaded into the M register. The 
format for the frequency is the same as that for the C 
register. If ENYP, g=0, 1 then the data that is 
presented at the PH port is anameneens loaded on each 
clock rising. cage. 


For phase modulation, the phase deviation is loaded 

into the M register (same manner as for frequency 
modulation). The units of the phase offset are cycles and 
full-scale is. just under one output cycle per TMC2340 
clock cycle. The MSB represents a phase of 180°, and 
the LSB a phase of about 8x10-8 degrees (eight one- 
radians. 


To synchronize two TMC2340s, first load them with their 


respective data in mode 0, then switch them simulta- 
neously to either Mode 1 or Mode 2. 
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Pin Assignments — 120 Pin Plastic Pin Grid Array, H5 Package 


Pin [Name | Pin | Name 
Al PH3] Mi2}| AM, 
A2 Vop M13 | AM> 
A3 AM3 N1 PHg 
A4 AM, N2 PH19 
Ad PHg N3 PHy9 
A6 PHa N4 PHis 
AT PHy4 N5 PH17 
Ag N6 PHig 
AQ PHig N7 PH>4 
A10 N8 | PH99 
All PH99 N9 PH94 
Al2 N10 | PHo¢g 
A13 PHo5 Nit | PH4g 
Bi N12 | PH3p 
B2 Ni3 | AMp 


TOP VIEW 
CAVITY UP 


OOQDODOODOO 
OODOODDODOOO 
OOOQOOQD9ODOO 


DEF GH J K 


F1OOQDOQDOQDODODODODAODDO 
DI OOODOQDDGDDODDODDODDIONDSDO 
2100009000 90OO0OO90OOQO ODO 
“|O0O0O090Q00 000000000 
=!|O000Q00000000000 

OO0OQOQOOODDDDODDDODDOO 


N 
21041A 
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Pin Assignments — 132 Leaded CEROUAD, L5 Package 


PIN 1 IDENTIFIER 


TOP VIEW 


33 67 


34 66 


21062A 
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STD—T, =0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 
STD—-Ty =0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 
EXT—Te=—55°C to 125°C MIL-STD-883B 132 Leaded CERQUAD 
EXT—Te= —55°C to 125°C MIL-STD-883B 132 Leaded CERQUAD 


All parameters contained in tnis specification are guaranteed by design, characterization, Sampie testing or !UU% testing aS appropriate. 1 KW reserves tne rignt 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Ordering Information 


Package 
Marking 


2340H5C1 
2340H5C 


Product 
Number 


TMC2340H5C1 
TMC2340H5C 


TMC2340L5V1 
TMC2340L5V 


2340L5V1 
2340L5V 
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Imaging Products ita 


TRW has provided image processing components to the television brocasting industry since the mid 
1970s; many of the products in this databook have applications in this area. 


Specifically designed for image processing are the Image Resampling Sequencers (TMC2301, 
TMC2302). These address generators are given an image manipulation transfer function representing a 
shift, rotate, warp, or zoom. They product sets of memory pixel addresses that translate to the desired 
pixel in the output image. High-speed processing elements such as the TMC2249 Mixer and TMC2250 
Matrix Multiplier accept these input pixels and compute the values of the output pixels. 


The TMC2272 Colorspace Converter is a completely programmable device that can convert between 
any two color image representations (working in conjunction with the TMC2330 Coordinate 
Transformer when dealing with HSI-type representations). 


The TMC2330 itself is tailored to convert between vector and rectangular coordinate systems — as is 
necessary to put a radar or ultrasound image on a raster scan display. It is used in general vector image 
processing, as well as reconstructing CAT and NMR images. 


compression. TRW will shortly introduce companion devices that implement standard compression 


The TMC2311 Fast Cosine Transform is the fundamental element in the major appproaches to image Gi 
algorithms. 


Other products include a Half-Band Filter, Image Convolver, Digital Mixer, and Image Filters, all 
designed to process images efficiently in real-time. 
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Imaging Products Trew 
Clock 
Rate! Power | | 7 
Product Description Size (MHz) (Watts) Package Grades 2 Notes Page 
TMC1028 Digital FIR Filter 4x4x8 | Ais. 3.7 J4 = 48 Pin DIP C,A Cascadeable. . . —H3 
TMC2242-1 —Half-Band Digital Filter 12/16-Bit © 40 | 0.5 R2 44Lead PLCC . C 2:1 Interpolate or Decimate. -H15 
- 30 0.5 R2 44 Lead PLCC C Low-Pass (—6dB@0.25FS) 
TMC2243 Video Filter 10x 10x3 20 0.5 G8 69 Pin PGA Cc, V Cascadeable. H29 
| | H8 69 Pin PPGA C | | 
TMC2246-1 Image Filter 10x 11 Bit 40 0.5 H5 121 Pin PPGA C Four-Pixel Interpolator. H43 
L5 132 Lead CERQUAD V 
- 30 - 0.5 H5 121 Pin PPGA C 
: L5 132 Lead CERQUAD Vv 
TMC2249-1 Digital Mixer 12x12x2 30 0.5 H5 121 Pin PPGA | C _ Cascadeable. H55 | 
- L5 132° Lead CERQUAD V Programmable Delays. 
25 0.5 H5 121 Pin PPGA c 
L5 132 Lead CERQUAD V . | 
TMC2250-2 = Matrix Multiplier 12x 10x9 40 1.2 H5 121 Pin PPGA C 2D Convolution 3x 3, 2x4. H69 
-1 36 1.2 H5 121 Pin PPGA C 1D Convolution, 9 Taps. 
_ Gi. 121 Pin PGA V 3x3 Matrix x 3x1 Vector. 
- 30 1.2 H5 121 Pin PPGA C 
Gi 121 Pin PGA V 
TMC2255-1 = 2D Convolver 5x5 x 8 Bit 12.5 0.6  R1 68 Lead PLCC C 3x3, Symmetric 5x5 H89 
-— 10 0.6 1 68 Lead PLCC C 2D Convolver. - 
TMC2272-2 Color Space Converter 3.x 12 Bit 40 1.2 H5 121 Pin PPGA C 3x3 Matrix x 3x1 Vector. E3 
~1 36 Dee H5 121 Pin PPGA C 
7 30 1.2 H5 121 Pin PPGA C . 
TMC2301-2 Image Resampling 4K x 4K Pixels 20 0.5 G8 68 Pin Grid Array C Second Order. E39 | 
Sequencer R1 68 Lead PPGA C 2-Dimension. 
-1 18 0.4 G8 68 Pin Grid Array C, V SMD 
R1 68 Lead PPGA C 
L1 68 Leaded CC V 
- 15 0.4 G8 68 Pin Grid Array C, V SMD 
Ri 68 Lead PPGA C 
Ri 68 Leaded CC V | 
TMC2302-1 = Image Manipulation 65K x 65K Pixels 40 0.4 H5 121 Pin PPGA C Third Order. E41 
Sequencer 30 0.4 H5 121 Pin PPGA C 3-Dimension. 
TMC2311-2 Fast Cosine Transform 12-Bit 17.8 0.7 Ri 68 Lead PLCC C Data Compression Processor. F47 
-1 14.5 0.7. Ri 68 Lead PLCC C Meets CCITT Specifications. 
- 17.8 0.7 R1 68 Lead PLCC C 8x 8, 2-Dimension. 
TMC2330-1 Coordinate 16 x 16 Bit 25 0.7. H5 121 Pin PPGA C Cartesian «> Polar Conversion. F65 
Transformer L5 132 Lead CERQUAD V 
= 20 0.7 H5 121 Pin PPGA C 
L5 132 Lead CERQUAD V 
Notes: 1. Guaranteed. See product specifications for test conditions. 


2. A=High Reliability, Tp=—55°C to 125°C. 
C=Commercial, Ty =0°C to 70°C. 
V=MIL-STD-883 Compliant, Te= —55°C to 125°C 
SMD = Available per Standardized Military Drawing, Te=—55°C to 125°C. 
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Digital Colorspace Converter/Corrector 
36 Bit Color (12 Bits x 3 Components) 40MHz 


A 40MHz, three-channel, 36 bit (three 12-bit components) | A complete set of three 12-bit samples is processed on 


colorspace converter and color corrector, the TMC2272 every clock cycle, with a five-cycle pipeline latency. Full 
uses 9 narallel multinliers to nrocess high-resolution 23-bit (for each of three components) internal precision 
imagery in real time. is provided with 10-bit user-defined coefficients. The 


coefficients may be varied dynamically, with three new 
The TMC2272 also operates at any slower clock rate and coefficients loaded every clock cycle. (The full set of nine 
with any smaller data path width, allowing it to handle all can be replaced in three clock cycles.) Rounding to 12 bits 
broadcast and consumer camera, frame-grabber, encoder/ per component is performed only at the final output. This 
decoder, recorder and monitor applications as well as most _ allows full accuracy with correct rounding and overflow 
electronic imaging applications. headroom for applications that require less than 12-bit per 
component. All inputs and outputs are registered on the 
The TMC2272’'s processing ability allows colorspaces to be _‘rising edges of the clock. Ga 
optimized for every input or output device; camera, 
monitor, transmission or storage medium in real time, The TMC2272 is fabricated in TRW's OMICRON-C'™ 
regardless of the signal format required by each stage ina | 14CMOS process and has fully guaranteed performance 
system. For instance, a frame buffer may be operated in over the full commercial temperature range of 0 to 70°C, 
any desired colorspace in an otherwise RGB system with andl other operational conditions specified inthe = 
the use of two TMC2272s for translation to and from the Operating conditions table. The TMC2272 is available in 
desired frame-buffer colorspace. a 121-pin plastic pin-grid array (PPGA) package in three 
speed grades. 
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Features Associated Products 
e AQMHz(25ns) Pipelined Throughput it e TDC1058 A/D Converter 
e 3 Simultaneous 12-Bit Input And Output Channels == * TDC1049A/D Converter 
(64 Giga [236] Colors) © TMC2242 Interpolator/Decimator 
e Two's Complement Inputs And Outputs e TMC2330 Rectangular/Polar Converter 
© Overflow Headroom Available In Lower Resolution e 1DC1012 D/A Converter 
e 10-Bit User-Defined Coefficients ° TMCO171 D/A Converter 


¢ TTL-Compatible Input And Output Signals 
e Full Precision Internal Calculation | 
e Qutput Rounding 

e On-Board Coefficient Memory 

e OMICRON-C™ 14CMOS process 


Applications 
e Translation Between Component Color Standards 
(RGB, YIO, YUV, etc.) 


e Broadcast Composite Color Encoding And oa 
(All Standards} 


e Broadcast Composite Color Standards Conversion | 
And Transcoding 


e Camera Tube And Monitor Phosphor Colorimetry. 
Correction 


e White Balancing And Color-Temperature Conversion 
e |mage Capture, Processing and Storage 


e Color Matching Between Systems, Cameras And 
Monitors 


e Three-Dimensional Perspective Translation 
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Figure 1. Functional Block Diagram 
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Functional Description 
General Information 


The TMC2272 is a nine-multiplier array with the 
internal bus structure and summing adders needed to | 
implement a 3 x 3 matrix multiplier (triple dot product). 
With a 40MHz guaranteed maximum clock rate, this device 
offers video and imaging system designers a single-chip 
solution to numerous common image and Slater processing 
problems. | 


The three data input ports (Aj1-9, B11-09, C11-9) accept 
12-bit two's complement integer data, which is also the 
format for the output ports (X11-9, Y11-09, and 211-0). 
Other format and path width options are discussed in the 
numeric format and overflow section. The coefficient input 
ports (KA, KB, KC) are always 10-bit two's complement 


. fractional. Table 2 details the bit weighting. 


Full precision is maintained throughout the TMC2272. 
Each output 1s accurately rounded to 12-bits from the 
23-bits entering the final adder. 


Signal Definitions 


A(n), B(n), C(n} Indicates the data word presented to 
ey that input port during the specified 
clock rising edge (n). Applies to input 


ports Aq 1-0, B11-0, and C4 1-0. 


Indicates coefficient value stored in 
the specified one of the nine onboard 
coefficient registers KAX through KCZ, 
input during or before the specified 
clock rising edge (n). 


KAX(n) thru KCZ(n) 


X(n}, Y(n), Z(n) 
port tpg after the specified clock rising 
edge (n). Applies to output ports X41-0, 
ei -Q, and 241-0. 


The TMC2272 utilizes six input and output ports to realize a 
“triple dot product,” in which each output is the sum of all 
three input words in multiplied by the appropriate stored 
coefficients. The three corresponding sums of products are 
available at the outputs five clock cycles after the input 
data are latched, and three new data words rounded to 
12-bits are then available every clock cycle. See the 


X(5) = 


CLK 


Indicates data available at that output 


a try 


Applications Discussion regarding encoded video 
standard conversion matrices. 


A(1)KAX(1) + BU1JKBX(1) + C(1)KCX(1) 
AI)KAY(1) + BUAJKBY(1) + C(1)KCY(1) 
A(1)KAZ(1) + B(1)KBZ(1) + C(1)KCZ(1) 


Y(5) = 
Z(5) = 


Pin Definitions 


Power | 

VDD, GND ‘The TMC2272 operates from a single 
+5V supply. All pins must be connected. 

Control 

CWSEL-9 _ This input selects which three of the 9 
_ coefficient registers, if any, will be updated 

on the next clock cycle from the KAg.9, KBg9-9 
and KCg_g inputs. See 7able 4 and the 
Functional Block Diagram. 

Clock | 
The TMC2272 operates from a single system 


clock input. All timing specifications are 
referenced to the rising edge of clock. 


Data and Coefficient Inputs 


A11-0. B11-0, 11-9 These are the three 12-bit wide data 
input ports. 


These are the 10-bit wide coefficient 
input ports. The value at each of 
these three inputs will update one 

~ Coefficient register as selected 
_ by the coefficient write select 

.- (CWSEL1-9) on the next clock. 
See Table 7 and the Functional 
Block Diagram. 


KAg-p, KB9-0. KC9.9 


Outputs 
X11-0. Y11-0,211-0 These are the data outputs. Data 

as are available at the 12-bit registered 
Output Ports X, Y, and Z tpg after 
every clock rising edge. 
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Table 1. Coefficient Loading 
CWSEL1 0 
Hold Load Load 
Input KAg9-9 All KAX KAY 
Hold Load Load 
All KBX KBY 
Hold load load load 
Input KC9-9 All | KCX | KCY | KCZ 
Package Interconnections 
Signal Signal 
Type Name H5 Package 
Power VoD Supply Voltage F3, H3, L7, €8, C4 
GND Ground F3, G3, J3, L4, L6, H11, C7, C5, A4, B5 
Clock CLK System Clock D11 
Controls CWSEL} 0 Coefficient Write Select J12, J13 


Inputs A11-0 Data Input A 
B11-0 Data Input B | 
C11-0 Data Input C 
KA9-9 Coefficient Input KAX, KAY, 
or KAZ 
(See Pin Definitions and 
Table 1) 
KBg-9 Coefficient Input KBX, KBY, 


or KBZ 


(See Pin Definitions and 


Table 1) 


KC9.9 Coefficient Input KCX, KCY, 


or KCZ 


(See Pin Definitions and 


Table 1) 


a 
_ 
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E11, D13, 12, £13, F11, F12, 
F13, G13, G11, G12, H13, H12. 
B10, A11, B11, C10, A12,B12, 
C11, A13, C12, B13, C13, D12 

A5, C6, B6, A6,A7,B7,, 

A8, B8, A9, B9, A10, C9 

K13, J11, K12, L13, L12, K11, 

M13, M12, L11, N13 


M11, L10, N12, N11, M10, L9, 
N10, M9, N9, L8 


M8, N8, N7, M7, N6, M6, 
N5, M5, N4, L5 


B4, A3, A2, B3, A1, C3, 
B2, B1, D3, C2, C1, D2 
D1, E2, E1, F2, F1, G2, G1, 
H1, K1, J2, J1, H2 

M4, N3, M3, N2, M2, L3 
N1, L2, K3, M1, L1, K2 


TMC2272 


Figure 2. Impulse Response 
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Figure 3. Input/Output Timing Diagram 
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Numeric Format and Overflow 


Table 2 shows the binary weightings of the input and 
output ports of the TMC2272. Although the internal sums 
of products could grow to 23-bits, the outputs X, Y, and Z 
are rounded to yield 12-bit integer words. Thus the output 
format is identical to the input data format. Bit weighting 
is easily adjusted by applying the same scaling correction 
factor to both input and output data words. 


As shown in Table 2, the TMC2272's matched input 

and output data formats accommodate OdB (unity) gain. 
Therefore the user must be aware of input conditions 

that could lead to numeric overflow. Maximum input data 
and coefficient word sizes must be taken into account with 
the specific translation performed to ensure that no 
overflow occurs. 


Use with Fewer Than 12 Bits 


The TMC2272 can be configured to provide several format 
and overflow options when used in systems with fewer 
than 12-bits of resolution. An 8-bit system will be used as 
an example, however these concepts apply to any other 
word width. 


The most apparent mode of operation is to left justify 

the incoming data and to ground the unused input LSBs. 
However, the outputs will still be rounded to the least 
significant bit of the TMC2272, having little if any effect 
on the top 8 bits actually used. Because the TMC2272 
carries out all calculations to full precision, the preferred 
mode of operation is to right justify and sign extend the 
data as shown in Figure 4. Since all the LSBs are used, 
the desired output will be rounded correctly, and overflow 
Win 06 accommodated by bits 7 through 710. 


The TMC2272 may also be used in unsigned binary 8-bit 
systems as shown in Figure 5. Bits 11 through 8 will 
handle overflow. 


In all applications, a digital zero (ground) should be 
connected to all unused inputs. 


Table 2. Bit Weightings for Input and Output Data Words 


Bit Weights 211 210 29 28 27 26 25 24 23 22 21 20. 
INPUTS 

All Modes 

Data A, B,C -41 ho Io) «6lglhlh6UlWlUlglClU}COdQStC*dS 

Coefficients 

KA, KB, KC 

InternalSum = XQ. X1g-_s«X1g -X17_—«X16 Xi X14 X13 X12 «~X1W1~=«X10 Xg 
OUTPUTS 

X,Y,2 -011 019 09 Og O7 Og O85 O04 

Note: A minus sign indicates a two's complement sign bit. 
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2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 


-Kg . Kg K7 Kg Ks5 Ka Kg Ka Ky Kg 


X8 X7 Xgpe X5 Xq XB XQ Xq XQ 


03 O02 O, Oo . 
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Figure 4. Two's Complement 8-Bit Application - Figure 5. Binary 8-Bit Application 
INPUTS -TMC2272 OUTPUTS , INPUTS ™MC2272 OUTPUTS 
(Aqq «9: 841-9 ORCy,.9) ‘BIT WEIGHTINGS X44 0544-9 OR 244-0) (Ag 941g OR Cy1.9) —-- BIT WEIGHTINGS (X44 - ov 44-9 OR Z4q - g) 
ie = | | NC/OVERFLOW 
an (WILL ACCUMULATE 
SIGN os NC/ | OVERFLOW TO 
EXTENSION OVERFLOW . GND (9) 4,095,49 
ins = (WILL - 7 
Led OVERFLOW) | 
6) (6) (6) (6) (6) (6) 
6) - (5) (5) (5) 6) (5) 
0 n 0 a Pw | = 
LSB (0) LSB (0) LSB (0 : LSB (0 
24044A | 24045A 
Absolute maximum ratings (beyond which the device may be damaged)! 
SUD VONBGG css eaiaca iene waren Sideladataveehs a ctawatuas aids eaves tate reheat anne —0.5 to +7.0V 
WDE VONGOE eden cess sci henent arate aianinann SNe eo et ee etadsas Dg An aaia telat ign eeantdac atin ttene er hreadt —0.5 to (Vpp + 0.5)V 
Output | | | 
Applied voltage ........ | saesiah vith Pesta is ckdeed coast nels evecanan Susteaai esate sath Aeaecrissieas a tients S snudaeaeenaatinn os —0.5 to (Vpp + 0.5)V2 
eM oT> LOT U cd: | arte eae et POR aT Oo RPT DOO EPEC cP EN oe STO eer er FAUT TL tm ERR MAE Te —6.0 to 6.0mA3.4 
Short-circuit duration 
(single Output in HIGH state to GrOUNG) ........ecssesssessestssecsessssessssessessessssessceeteatsatssetsstenssesseesss defeats cand dnalea saat clea eadicaetetre 1 sec 
Temperature 
Operating case.......... eit eases lad ioeisabevioktare iets Tots cstasicacuseanietec nis ne mash peat ctaseachaninnceen eatin, Peete rere te —60 to +130°C 
PUTAS CU OAc ect sn cst cczcectvaces tics uvese ve touaies ds eet caivd a uc tas cana vs ncetes cde ut Oda mes tania Yah ccsancev ees recat data cain souasbona tne area toakaet aided 175°C 
[eed Sealed ire) 1 POS SOAS) esac cha ec resect cpt coat ac eoaa ences ete caaa tbat necici nals ces cok han eed inl ea rcamed een dleabindeal 300°C 
SEW FAG ec. sz sis D-Satincsad sade sabtsesent catches hak auay Each vila eee veces hate nan be ats liana pecade oN aaa oosea natant ea otcaacelly —65 to 150°C 
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Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 


4. Current is specified as conventional current flowing into the device. 
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Operating conditions 


Temperature Range 


Parameter [Min [Nom | Max | Units 
Vop Supply Voltage re 
ViL input Voltage Logie LOW CCS 
Tale Output Current.Logic LOW 4.0 mA 


tcy Cycle Time 
TMC2272 33 ns 


TMC272 Se 


tPWL Clock Pulse Width, LOW 
TMC2272 ns 


TMC2272-1 ee i ieee | ieees (BROE' 


ts Input Setup Time 
TMC2272 ns 


TMC2272-1 ee a sant ull ee oo 


tH Input Hold Time 
TMC2272 3 ns 


TMC2272-1 i es ee Gee eee 
TA Ambient Temperature, Still Air ae ee eee a ee oC 
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IAA | | 
Electrical characteristics within specified operating conditions! 
OO Temperature Range 
| Standard 
Parameter Test Conditions | Min’ =| Max | Units 
IppQ = =«=—s_ Supply Current, Quiescent Vpp=Max, Vin=0V are ae mA 
IDDU Supply Current, Unloaded Vpp=Max, f=20MHz Sa ee ae mA 
“AIL Input Current,Logic LOW2 Vpp=Max, Vin=0V aie 2" ee uA 
IH Input Current,Logic HIGH2 _ Vpp=Max,Vin=Vpp =| [| 10s 
lOIL Input Current,Logic LOWS -Vpp=Max, Vin=0V ee uA 
lolH_~=—Ss Input Current,Logic HIGH3 Vpp=Max, Vin=VDD ae uA 
VoL —C Output Voltage,Logic LOW Vpp=Min, Io.=4mA ar a V 
VOH Output Voltage,Logic HIGH VpD=Min, IQH=-2mA ae V 
los Short-Circuit Output Vpp=Max, Output HIGH, mA 
Current One Pin to Ground, 
One Second Duration Max. 
C Input Capacitance Ta=250C, f=1MHz | aa er ee pF 
Co — Output Capacitance Ta=259C, f=1MHz a ee pF 
Notes: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 
2. Except pins X11-9, Y11-0 
3. Pins X11-0, Y11-8 only. 
Switching characteristics within specified operating conditions 
Temperature Range 
: Standard 
Parameter Test Conditions | Min | Max | __ Units 
tp Output Delay | Vpp=Min, CLoAp=25pF 
TMC2272 ns 
T™MC272-1 [eee arm: (Genre, GN | eee IE 
tHo Output Hold Time Vpp=Max, CLOAD=25pF 
TMC2272 ns 
TMC2272-1 eae A Se ee 
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Figure 6. Equivalent Input Circuit Figure 7. Equivalent Output Circuit 
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Applications Discussion 
The TMC2272 can convert between any two three- modification of contrast by changing Y, and conversion Gi 
coordinate colorspaces with the selection of the proper back to RGB can be performed as quickly and easily as any 
coefficients. Sets of coefficients for some popular simple transformation. To calculate the final set of 
colorspace conversions are presented below. coefficients from the coefficients of the individual 

transformations, the procedure in Figure 8 (concatenation) 
By concatenating coefficient matrices of single is used. If more than two matrices are to be combined, the 
transformations, the user can program the TMC2272 to result from the concatenation of the first two matrices is 
perform compound transforms efficiently. For example, concatenated with the third. If more matrices must be 
given an RGB input, correction of the relative values of R incorporated in the final function, the last step is repeated. 


and B, for color temperature, conversion to YIQ, 


Figure 8. Concatenation 


ABC J K LI |[AJ+BM+CP AK+BN+CQ AL+BO+CR 
DEF MN O| ={|DJ+EM+FP DK+EN+FQ DL+EQ+FR 
GH | P Q R GJ+HM+IP GK+HN+IQ GL+HO+IR 


24046A 
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Converting Video Data from RGB to YIQ or YUV 


The TMC2272 simplifies the task of converting encoded 
color video data between the RGB (color component) 
format and the YIO (quadrature encoded chrominance} or 
YUV (color difference) format. Beginning with RGB 
component data, the standard relationships, with 8-bit 
quantization, are: 


= (77R + 150G + 29B)/256 and Y= (77R + 150G + 29B)/256 
; ~ (153R —71G -82B)/256 + 128 U =(131R — 1106 — 21B)/256 + 128 
= (54R — 134G + 80B)/256 + 128 V=(-44R —87G + 131B)/256 + 128 


In digital systems; | and Q or U and V are sometimes 
renormalized to: 


|= (1 28R — 59G — 69B)/256 

= (52R — 128G + 76B)/256 
U =(128R — 107G — 21B)/256 
V = (-43R — 85G + 128B)/256 


With each coefficient expressed as a fraction of 256, these 
numbers are easily converted to binary for loading into the 
coefficient storage of the TMC2272. The half-scale (80hex) 
offsets included in the chrominance and color-difference 
terms can easily be added to the appropriate sums after 
the matrix multiplication, if desired. Table 3 contains the 
10-bit two's complement coefficients to be loaded into 
the TMC2272 to perform the desired conversion from 
RGB format. Once these factors are in place the user _ 
can continuously convert encoded data at real-time video 
rates, with three new aneoued outputs available on every 
clock cycle. 


Table 3. Colorspace Conversion Coefficients! .2 | 


Conversion KAX KAY KAZ KBX KBY KBZ KCX KCY ~ KCZ . 
RGB to YIO 04D 099 036 096 3B9 37A 01D 3AE 050 
RGB to YIQ3 04D 080 034 096 3C5 380 01D 3BB 04C 
RGB to YUV 04D 083 3D4 096 392 3A9 01D 3EB 083 
RGB to YUV3 04D 080 3D5 096 395 3AB . 01D 3EB 080 
Notes: 1. All entries are given in 10-bit two’s complement hexadecimal such that all entries beginning in “2” or “3” are negative. 


2. This table assumes the following bus assignments: 


1}ORU 


QORV 21420A 


3. Second and fourth rows are renormalized such that largest coefficient = .5(O080hex). 
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Converting Video Data from YIOQ or YUV to RGB 


With a different set of coefficients, the TMC2272 can 
perform the inverse conversions, whose governing 
equations are: 


R =(256Y + 243] + 1590)/256 and R=(256Y + 0U + 292V)/256 
G = (256Y — 72I — 1640)/256 G = (256Y — 101U — 149V)/256 
B = (256Y — 2841 + 4430)/256 B =(256Y + 520U + OV)/256 


since the first YUV —> RGB equation set includes the 
coefficient "520," which won't fit into a 10-bit two's 
complement integer format, we must either divide all 
coefficients by 2, degrading precision by one bit, or by 
520/511. In Table 4, the 520/511 correction factor was 
selected. 


The values corresponding to digital normalization (see RGB 
to YIQ discussion) are: 
R = 256Y + 292| + 1670)}/256 and R=(256Y + 0U + 359V)/256 


G = (256Y — 86! -1720)/256 G = (256Y — 88U — 183V)/256 
B = (2561 — 3411 + 4560)/256 B = (256Y + 453U + OV)/256 


Table 4. Colorspace Conversion Coefficients! 2 


Conversion KAX KAY KAZ KBX KBY KBZ KCX KCY KCZ 
YI to RGB 100 100 100 OF3 — -3B8 3E4 09F 35C 1BB 
YIQ to RGB3 100 100 100 124 3AA. —- 2AB 0A7 354 101 
YUV to RGB OFC OFC OFC 000 39D 1FF 11F 36E 000 
YUV to RGB3 100 100 100 000 3A8 125 167 349 000 
Notes: 1. All entries are given in 10-bit two's complement hex, such that all entries beginning in “2” or “3” are negative. 


2. This table assumes the following bus assignments: 


: 21421A 


3. Second and fourth rows are renormalized such that largest coefficient = .5 (O80hey). 
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HSV (HSI) Format Conversions 


HSV (or HS!) refers to Hue (color) Saturation (vividness) and 
Value (intensity or brightness), quantities which are directly 
related to the human perception of light and color. The V 
(or I) levels are simply the Y (or luminance) levels. Hue and 
Saturation are derived from the R-Y and B-Y color 
difference values of a signal. 


HSV Calculations: 

Value (V/) = Intensity (I) = Y 

Hue (H) = Arctan (B-Y/R-Y) 
Saturation (S) = V(R-Y)2 + (B-Y)2 
R-Y = S * cos(H} 

B-Y =S * sin(H) 


One may use two 64Kx8 ROM look-up-tables to calculate 
Hue and Saturation from R-Y and B-Y in an 8-bit system. 
However, the finite size of this LUT may limit performance, 
especially if the TMC2272’s full precision is used. The 
TMC2330, developed to translate between rectangular 
and polar coordinates, can perform the trigonometric 
transformations to 16 bit precision at 25MHz. These 
calculations are the the same as required in HSV 
calculations. A 4 Giga-byte x 32 bit LUT can achieve the 
same accuracy and precision as the TMC2330, if it is 
programmed correctly. 


To convert between Y, R-Y, B-Y and HSV, the the TMC2272 
isn't needed at all: simply use the TMC2330, To convert 
between HSV and any other format, use the TMC2330 to 
translate between HSV and Y, R-Y, B-Y, and use the 
TMC2272 to translate between Y, R-Y, B-Y and the other 
format. See Figures 9and 10. 


Figure 9. Conversion to HSV 
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Notes: 1. Connect TMC2272 MSBs (Bits 11) to TMC 2330 MSBs (Bits 15) and also to TMC2330 Bits 14-11. Connect TMC2272 LSBs (Bits 10-0) to TMC2330 LSBs (Bits 10-0). 


TMC2330 output bits 14-11 are overflow. 


2. TMC2272 Y11-9 outputs should not be confused with the designation “Y” used to signify the intensity components. The assignment of components to TMC2272 inputs 


and outputs may be altered through the selection of appropriate coefficients. 


Figure 10. Conversion from HSV 
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Connect input MSBs (Bits 11) to TMC2330 MSBs (Bits 15( and also to TMC2330 Bits 14-11. Connect input LSBs (Bits 10-0) to TMC2330 LSBs (Bits 10-0). 


2. TMC2272 Y11-9 outputs should not be confused with the designation ‘Y’ used for an intensity component. Component assignment depends on the coefficients used. 
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Input Interpolation/Output Decimation and Filtering 


In some applications the two color-difference signals 
(R-Y/B-Y or Cr/Cb, for example.) are transmitted at one-half 
the rate of the luminance (Y) signal. These two color- 
difference signals are often multiplexed to one signal 
which is at the same sample rate as the luminance signal. 
In many applications, if the color difference signals are 
already band-limited, it is satisfactory to use the same 
color difference sample for each two luminance samples. 
Little improvement is obtained with a simple averaging 
([A+B]/2) interpolation filter. If the color difference signal 
is not band-limited, either of these two methods may yield 
unsatisfactory results due to aliasing. In this case, a TRW 
TMC2242 digital low-pass (“half-band”) interpolating filter 
will correctly band-limit each color difference signal as it is 
interpolated. See Figure 17. 


Figure 11. Input interpolation and Filtering 


EQUALIZING PIPELINE 


The same methods are used to decimate the color 
difference outputs. Simple decimation by removing every 
other sample of color information may yield unsatisfactory 
results due to aliasing. This is a problem because the color 
difference signals have now been transformed with the 
higher-bandwidth luminance signals and therefore have 
higher bandwidths than they had before the transform. 
The best performance is obtained by using a precise low- 
pass (“half-band") decimation filter such as the TRW 
1DCZZ42 to remove ailasing components. See Figure 12. 


The 1DC2242 is a bi-directional, selectable rate filter/ 
interpolator/decimator. 
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Figure 12. Output Decimation and Filtering 
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Pin Assignments —.121-Pin Plastic Pin Grid Array H5 Package 


[Name | Pin [Name | Pin | Name | 
x7 | BS co} Co | 6 FV I YY 


Aj L5 


H13 


Tame [Pn | Hone 
| M9 K 


KCo Bo 


Xg C10 Jt GND KB5 
A3 J2 VpD KBg 
A4 J3 KBo KA2 
A5 | KBg KA3 
A6 J12 KBg 25 
A7 J13 KA Z8 
A8 K1 KA5 Z10 
A9 K2 KAg KCy 
A10 K3 22 KC3 
All 27 KC5 
Al2 Z9 KC7 
A13 211 KCg 


KC2 


Note: Pin D4 has no electrical connection. It is a mechanical orientation pin. 
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Ordering Information 


Product ee Temperature Range Package Package 
Number Marking 
TMC2272H5C 30 STD-TA = 0°C to 70°C Commercial 121 Pin Plastic PGA 2272H5C 

TMC2272H5C-1 STD-TA = 0°C to 70°C Commercial 121 Pin Plastic PGA 2272H5C-1 


TMC2272H5C-2 STD-Ta = 0°C to 70°C Commercial 121 Pin Plastic PGA 2272H5C-2 


All parameters in this specification are guaranteed by design, characterization, sample testing ot 100% testing, as appropriate. 
TRW reserves the right to change products and specifications without notice. This information does not convey any license under patent rights of TRW 
Inc. or others. 


Life Support Policy 


TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can 
reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such 
use and indemnifies TRW LSI Products Inc. and TRW Inc. against all damages. 


Gz 


TRW LSI Products Inc. 19 


Imaging Products ren 


20 | -FRW LSI Products Inc. 


TMC2301 


CMOS Image Resampling 
Sequencer 
15, 18MHz 


The TMEC23N1 ts a WES! circuit which supports image 
resampling, rotation, rescaling, and filtering by generating 
input bit plane, interpolation coefficient lookup table, and 
output bit plane memory addresses along with external 
multiplier — accumulator control signals. The TMC2301 
can process data fields of up to 4096 x 4096 multibit 
words at a clock rate of up to 18MHz. An IRS—based 
system can nearest—neighbor resample a 512 x 512 
image in 15 milliseconds, translating, zooming, rotating, 
Or warping It, depending on the transform parameter set 
loaded. A complete bilinear interpolation of the same 
image can be completed in 60 milliseconds. Image 


resampling speed is independent of the angle of rotation, 


degree of warp, or amount of zoom specified. 


A high performance, TMC2301—based system can 
execute bilinear and cubic convolution algorithms that 
rotate images accurately and in real time. Keystone or 
other perspective correction, image plane distortion, and 
numerous other second order polynomial transformations 
can be programmed and executed under direct user 
control. Direct access to the interpolation coefficient 
lookup table allows dynamic modification of the 
algorithm. 


Following an initialization with the transform parameters 
and control bits defining the operation to be executed, 
the IRS assumes control of the input and output data 
fields and executes unattended. Data word size is user 
selectable. All inputs except INTER and all outputs are 
registered on the rising edge of clock. All outputs are 
three —state controlled except ACC, CZERO, END, and 
DONE. 


Fabricated in TRW's OMICRON—C™ one micron CMOS 
process, the TMC2301 operates at clock rates of up to 
18MHz over the full commercial (0 to 70°C) temperature 
and 15MHz over the extended (—55 to +125°C) 
temperature and supply voltage ranges. All signals are 
TTL compatible. 


Features 

e Rotation, Warping, Panning, Zooming, And 
Compression Of Images In Real Time 

e 18MHz Clock Rate 

e 4096 x 4096 image rieid Addressing Capabiiity 

e User —Selectable Nearest —Neighbor, Bilinear 


Interpolation, And Cubic Convolution Resampling 
Algorithms 


e Static Convolutional Filtering Of Up To 16 x 16 Pixel 
Windows 


e Single—Pass Or Iwo—Pass Convolution Operations 
e Low Power—Consumption CMOS Process 
Single 5V Power Supply 


e Available In A 68 Pin Grid Array And Low—Cost 
Plastic Leaded Chip Carrier (J —Bend]} 


Applications 


e Video Special—Effects Generators 
e Image Recognition Systems, Robotics 
e Artificial Intelligence 


e High—Precision Image Registration (LANDSAT 
Processing} 


e High—Speed Data Encoding/Decoding 
e General Purpose Image Processing 
e Image Data Compression 


Logic Symbol 


LDR > X41 -0 
a i th 
Bs .9 = aap CZERO 
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CLK : END 
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INTER ACC 
NOOP DONE 
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Functional Block Diagram 
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68 Leaded (J Bend) Plastic Chip Carrier — L1.or R1 Package 


Functional Description 


General Information 


The IRS is a versatile self—sequencing address generator 
designed primarily to filter a two—dimensional image or 
to remap and resample it from one set of Cartesian 
coordinates (x, y) into a new, transformed set (u, v). 
Most applications use two Identical devices in tandem, 
one generating the row coordinates (X and U}, the other 
generating the column coordinates (Y and V). The 
algorithm performed by the TMC2301 consists of two 
steps: a coordinate system transformation, followed by 
pixel interpolation. Interpolation is necessary when the 
transformed pixel positions (U, V) do not coincide with 
the original pixel positions (X, Y). The new pixel intensity 
values are obtained by interpolating the original pixels in 
the neighborhood of the transformed pixel positions. See 
Figure 1. 


The IRS executes a general second order coordinate 
transformation of the form: 


X(u, v)=Au2+Bu+ Cuv+Dv2+Ev+F 
Y(u, v)=Gu2 +Hu+Kuv+Lv2+Mv+N 


where A through N are user—defined parameters. It 
steps sequentially through the pixels of a user — defined 
rectangle in the new set of coordinates, computing the 
“old” address (X, Y} corresponding to each ‘new’ 
location (U, V). 
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The TMC2301 uses the external multiplier — accumulator, 
connected to the system clock, to calculate the inter- 
polated pixel value by summing the products of the 
original pixel values stored in the source buffer RAM and 
the appropriate weights from the polynomial transform 
lookup table. The new interpolated image value Is then 
stored in the corresponding (U, V} memory location. 
Finally, the new image address is incremented by one 
pixel in the “‘U" direction or reset to the start of the 
next line (with ‘’V" incremented), proceeding 
line—by—line through the entire destination image. 


The TMC2301 can support any nearest neighbor, bilinear, 
or cubic resampling, according to the user's requirements. 
The bilinear and cubic kernels require a coefficient 
lookup table and multiplier —accumulator. Both one — pass 
and two—pass algorithms are supported. Sophisticated 
“walkaround” algorithms implementing static filters are 
also easily realized, utilizing convolutional kernels of up to 
16x 16 pixels. Both one and two-pass algorithms are 
supported. For each output point in a typical static 
single — pass filter, the IRS will generate a series of 
addresses, “walking” around that point in two 
dimensions. At the end of each walk, it will advance one 
pixel along the output scan line, then begin the walk for 
the next pixel. 
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Figure 1. Image Resampling Geometry Showing Image Rotation and Expansion 
ORIGINAL (SOURCE) IMAGE | NEW (TARGET) IMAGE 
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A basic TMC2301-based system is shown in Figure 2. In this — multiplier—accumulator, external interpolation coefficient lookup 
typical system, two Image Resampling Sequencers process the table RAM, and the user-specified Source and Destination 
image. The only other external parts needed are a Image Memory. 


Figure 2. Basic 2—D Image Convolver Using TMC2301 Image Resampling Sequencer Utilizing Typical 8—Bit Data Path 
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Signal Definitions 


Power 


Vop, GND ~The TMC2301 operates from a single +5V 


Clock 
CLK 


Inputs 


Sel 


B3~) 


Outputs 
X11-0 


CA7_9 


U11-9 


Controls 
INIT 


supply. All pins must be connected. 


The TMC2301 has a single clock input. The 
rising Gagé oT CLK Stiubes ali enabied registers. 
All timing specifications are referenced to the 
rising edge of CLK. 


The coordinate transformation parameters are 
loaded through the registered 12-bit P input 
port. P11 is the Most Significant Bit. 


The write addresses for the individual coordinate 
transform parameters are presented at the 
registered 4—bit B input port. B3 is the Most 
Significant Bit. 


The current X (or Y) source pixel address of the 
image being resampled is indicated by the 
registered 12-bit X17~g output bus. This output 
is forced to the high impedance state when 
NOOP is LOW. X44 Is the Most Significant Bit. 


The current interpolation kernel coefficient 
lookup table address is indicated by the 
registered 8-bit CA7_9 output bus. This output 
is forced to the high impedance state when 
NOOP is LOW. CA7 is the Most Significant Bit. 


The U (or V) target address of the image being 
generated is indicated by the registered 12-bit 
U11-g output bus. This output is forced to the 
high impedance state when OETA is HIGH. U7, 
is the Most Significant Bit. 


The control logic is cleared and initialized for 
the start of a new image transformation when 
the registered INIT input is HIGH for a minimum 
of two clock cycles. Normal operation begins 
after INIT goes LOW. 
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The registered Write Enable input allows the 
transformation parameters to be written into the 
preload register indicated by the address at the 
B input port when LOW. See Figure 4. 


The data held in all transformation parameter 
preload registers is latched into the storage 
registers when the registered input LDR is 
HIGH. When LDR is LOW, the parameters 
remain unchanged. See Figure 4. 


The accumulation register of the external 
multiplier—accumulator is initialized by the 
registered ACC output. ACC goes LOW for one 
cycle at the start of each interpolation “walk,” 
effectively clearing the storage register by 
loading in only the new first product. See 
Figure 9. 
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After the end of each interpolation “walk,” the 
Target Memory (U or V) Write Enable goes LOW 
for one clock cycle. See Figure 9. This 
registered output is forced to the high 
impedance state when OETA is HIGH. 


In the common two-device system 
configuration, the Interconnect inputs are 
connected to the END flag outputs. The END 
flag from the row (X) sequencer thus indicates 
an “end of line” to the column (Y) device, while 
the column sequencer in turn sends a “bottom 
of frame” signal to the row device, forcing a 
reset of the address counter. 


The Clock is overidden when the registered 
input NOOP is LOW, holding all address 
generators in their current state. Also, the 
output buffers for the address busses X11_9 
and CA7_Q are forced to the high impedance 
state. This allows the user access to all external 
memory. When NOOP goes HIGH, normal 
Operation resumes on the next clock cycle. 


The target memory outputs UWRI and address 
bus Uy1~g are in the high-impedance state 
when the registered Qutput Enable input is 
HIGH. When OETA is LOW, they are enabled on 
the next clock cycle. 
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Flag 


CZERO The registered CZERO flag of a horizontal 


~ dimension TMC2301 goes HIGH if X<0, 
XMIN< XS XMAX, or X 24096 (1000 
hex}. It goes LOW if O<X< XMIN or 


END 
XMAX< X< 4096. The logical AND of the 
CZERO flags of a two-dimensional pair of 
TMC2301s will go LOW when the source 


address falls outside a rectangle with 
vertices (XMIN, YMINJ, (XMAX, YMIN), 


(XMIN, YMAX), and (XMAX, YMAX), 
denoting an invalid address. The external 
data path can be wired to substitute a 


selected background value whenever this 
AND =0. - 


DONE | 


The registered END flag goes HIGH during 
the last pixel of the last walk in a row in 
the case of the row chip, and the last pixel 
of the last walk in a column in the column 
chip, in the two—device architecture. This 
output is used as the end—of—line and 
end—of—frame indicator in conjunction 
with the INTER inputs of both TMC2301s. 


In the standard two—device system, a row 
sequencer DONE flag HIGH after the last 
walk at the end of the last row of an 
image {during UWRI LOW) indicates the 
end of the transform. This registered output 
is usually ignored on the column device. 
see the Transformation Control Parameters, 
AUTOINIT. 


Package Interconnections 


Signal 
Type 


Power 


Clock 


Inputs 


Outputs 


Controls 


Flags 
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Signal 


Name 


wi oa <= 
= a) 
ja) 


Supply Voltage 


GND Ground 
LK |. System Clock 
0 Parameter Register Data 

B3_9 Parameter Register Address 
X1-0 Source Address | 
CA7_9. Coefficient Address | 
Ui1_9 Target Address 
nT | Initiate 

| NOOP | NoOperation SC 
WEN Parameter Write Enable 

| LDR ‘| _Lead Parameter Data Registers 
ACC 
OETA Target Memory Output Enable 
UWRI Target Memory Write Enable 

| CZERO Coefficient Zero 

| END | __ End of Row/Page 

DONE End of Transform 


G8, H8 Package Pins Li, R1 Package Pins 


L5, AG 36, 68 


F2, K1, K6, L10, F10, B6 1, 9, 18, 35, 52, 60 


Al 


(ria, 5: 


D10, Di1, C10, C11, B11, B10, 22, 23, 24, 25, 26, 27 
A10, B9, A9, B8, A8, B7 28; 25; 30)-31;.32;.33 


A3, B3, A4, B4 42, 41, 40, 39 


E11, £10, F11, G11, G10,H11. = |-~—21, 20, 19, 17, 16, 15, 
H10, J11, J10, K11, K10, L9 14, 13, 12, 11, 10, 8 

76, 5.4, 3,2, 6, 
L2, K2, Jt, J2, H1, H2, | 
G1, G2, Fl, E1, £2, D1 


62, 61, 59, 58, 57, 56, 
55, 54, 53, 51, 50, 49 
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Transformation Control Parameters 


The TMC2301 is a self-sequencing device which requires no 


cycle-to-cycle intervention from the host system. To program 


the device, the user loads the 16 operating parameters, which 
define the transformation to be performed, which sections of 


the original and resampled image spaces are to be utilized, and 


various control words. Filtering operations are further defined 
by the values the user loads into the external coefficient 
memory. The transform parameters are described below. See 
also lables 1 through 3. 


XMIN, XMAX, These four parameters outline the “source” 

YMIN, YMAX rectangular region of the original image. 
Whenever the IRS pair generates an (X, Y] 
address within this boundary the CZERO flags 
will denote a valid memory read. In the most 
common case, XMIN<XMAX, YMIN< YMAX, 
O00h< X<FFFA<, and O00h<Y<FFFh. In 
this case, addresses out-of—bounds cause one 
or both CZEROs to go LOW. Refer to Appli- 
cation Note TP-38 for further information on 
other boundary violation cases. Each parameter 
Is expressed in 12-bit unsigned binary integer 
notation. See Figure 12. 


UMIN, UMAX, These four parameters outline the “target” 

VMIN, VMAX region of the (u, v) plane, into which the 
resampled image will be written. The IRS will 
generate, line by line, a scan that fills only this 
portion of the plane, permitting the user to 
assemble a mosaic of multiple rectangular 
subimages. Care must be taken to ensure that 
UMAX > UMIN and VMAX > VMIN. Each 
parameter is expressed in 12-bit unsigned 
binary integer notation. See Figure 12. 


(Xg, Yo! These are the coordinates of the first pixel to 
be read from the original image. In many 
applications, this point will be one of the four 
corners of the original image to be resampled. 
The pixels near (Xg, Yg) in the original image 
will be used to compute the upper left pixel of 
the transformed image. In non-inverting, 
non-reversing applications (Xg, Yq) will be the 
upper left corner of the original subimage. Each 
coordinate is expressed in 13-bit integer plus 
5-bit fraction, two's complement notation. 


TRW LSI Products Inc. 


dX/dUq Is the initial horizontal partial first derivative 
indicating the displacement along the X axis 
which corresponds to each one~pixel movement 
along the U axis. Usually, 0 < dX/dUg < 1 
corresponds to magnification, whereas 
dXidUg > 1 represents reduction and 
dX/dUg < 0 denotes reflection about a vertical 
axis. The first derivatives are expressed in 8-bit 
integer, iZ—bit Traction twos compiement 
notation. 


aX/dVq Is the initial horizontal-vertical partial first 
derivative. It indicates the displacement along 
the X axis corresponding to each one—pixel 
movement along the V axis. The coefficients 
dX/dVg and dY/dUg define image rotation and 
shear. 
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dY/dUg Is the initial vertical—horizontal partial first 
derivative. It indicates the displacement along 
the Y axis corresponding to each one-pixel 
movement along the U axis. 


dY/dVg Is the initial vertical partial first derivative. It 
indicates the displacement along the Y axis 
Corresponding to each one-pixel step along the 
V axis. Since dX/dUg and dY/dVg are separate 
parameters, vertical magnification and reflection 
need not match their horizontal counterparts. 


NOTE: For each incremental move along the U axis, the 
starting point of the new “walk around spiral” is indexed to 
the ENDING point of the previous walk around spiral, rather 
than to its center. Therefore, the terms dX/dUg and dY/dUg 
must be adjusted accordingly. Since each new line is 
referenced back to the previous line’s initial spiral starting 
point, no similar dX/dVg or dY/dVg correction is needed. 


d2xX/du2 Is the second order horizontal derivative. It 
indicates the rate of change of the horizontal - 
horizontal first derivative with each step along a 
line in the output image space. All six 
second-order derivatives are 4—-bit integer, 
20-bit fractional two's complement parameters. 
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d2xXidV2 Is the second order horizontal -vertical —vertical 
derivative. It indicates the rate of change of the 
horizontal—vertical first derivative with each step 


~ down a column in the output image space. 


Is the second order vertical—horizontal- 
horizontal derivative. It indicates the rate of 
change of the the vertical-horizontal first 
derivative with each step along a line of the 
Output image space. 


d2Y/dU2 


d2yidV2 Is the second order vertical derivative. It 
indicates the rate of change of the vertical - 
vertical first derivative with each step down a 
column of the output image space. 

d2XidUdV Is the mixed second order derivative indicating 
the rate of change of the first order horizontal 
derivative as one proceeds downwards through 
the output image space. This is also the rate of 
change of the first order horizontal—vertical 
derivative during horizontal sweeps in the output 
image space. | 

d2YidUdV Is the mixed second order derivative indicating 
the rate of change of the first order vertical 
derivative as one moves horizontally across the 
Output space, or, equivalently, the rate of 
change of the first order vertical—horizontal 
derivative as one moves vertically in the output 
Image space. 


Row/Column 
Select 


Sets the mode to either Row (0) or Column (1) 
operation. 


This 2-bit control word defines three unique 
instructions: 


Mode 


Instruction 


single-pass operation 
pass 1 of two-pass operation 


- pass 2 of two-pass operation 


In single-pass operation, the device walks through the entire 
(k + 1) x ({k + 1) kernel for each output pixel, where k is the 
value written into the Kernel section {see below) of the 
parameter register. Two-pass operation, which requires a 
dimensionally separable kernel, is executed first for a (k + 1) 
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element kernel in one direction, then for a {k + 1) element 
kernel in the other direction. For kernel sizes exceeding 2 x 2, 
the two-pass algorithm is obviously beneficial, requiring 2n 
samples per output point instead of n x n. In this case, the 
intermediate image data stored in the destination image | 
memory following the first pass is used as the source image 
data on the second pass. The user may design his system to 
switch source and destination memory bank addresses in place, 
or could utilize a second TMC2301 pair in a pipelined 
architecture. This would require a third image buffer for the 
final destination image. Both devices of a system pair are 
usually set to the same mode. 


The effective kernel width (height) exceeds this 
4—hit unsigned number by 1, thereby providing 
kernels of 1 x 1 to 16 x 16 source pixels per 
Output, for either resampling or filtering. Simple 
_ Static filters can be implemented with kernels of 
up to 16 x 16 pixels (Kernel = 15), while 
resampling interpolation kernels are limited to 
4 x 4 pixels (Kernel = 3), due to the four bits 
of fractional X for Y) address generated by the 
TMC2301. See the Applications Discussion, 
below. Again, both devices in a pair are 
generally initialized with equal Kernel values. 


Kernel 


Field of View 
(FOV) 


As the device walks through its kernel 
coefficients, each corresponding step in (x, y) 
space is normally one pixel length or height; 
this is a field of view of 1. However, the user 
can subsample the original space before filtering 
or resampling, by applying the coefficient kernel 
over a view field of up to 7 units. At a field of 
view of F, the pixels selected for each kernel 
operation are F pixels apart. This is useful in 
oversampled pictures, whose intensity changes 
only slowly from pixel to pixel. 


When set to 1 (HIGH), the LDR control is 
automatically asserted when INIT Is strobed, 
loading the coefficient set currently stored in the 
preload registers. 


Autoload 
(ALR) 


At the end of an image, if the AIN bit is 1 
(HIGH) the DONE flag goes HIGH for one clock 
cycle and a new transform begins. If 0 (LOW), 
UWRI and the DONE flag remain HIGH during 
the sequence until the user strobes the INIT 
control to begin a new image transformation. 


Autoinit 
(AIN) — 
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Pipe 
(PIPE} 


Test Mode 
(TM) 


Adjusts the timing of the target memory write 
controls, to compensate for buffered source 
image RAM. If the PIPE bit is 1 (HIGH), outputs 
ACC and UWRI will be delayed one clock cycle 
relative to the generation of the target address 
(U or V). See Figure 9. 


This mode is available for user inspection of the 
coefficient data. The source image and 
coefficient addresses are cdiculdieu uy all 
internal 28-bit accumulator. When TM is 

1 (HIGH), the sign bit, normally discarded, and 
the lower 11 bits of internal data are 
Substituted for the upper 12 bits appearing at 
the source address port (X) during a standard 
transform cycle. This allows user verification of 
algorithm mathematics during debug. Since the 
TM bit is registered and cannot be changed 
during a single clock cycle, two distinct clock 
cycles are required to access both the MSW 
and LSW of the internal accumulator. 

see Figure 3. 


Figure 3. Test Mode Data Routing 


INTERNAL 
ACCUMULATOR 


WALK COUNTER 
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Table 1. Parameter Registers — Row Sequencer 


Address 

0000 XMIN 

0001 XMAX 

0010 Xp (LSW) 

0011 Xq (MSW) 

0011 Controls 

0100 dX/dUp (LSW) 
0101 dX/dUg (MSW) 
0101 TM, FOV 

0110 dXidVq (LSW) 
0111 dXidVq (MSW) 
0111 Kernel 

1000 d2X/dUdV (LSW) 
1001 d2X/dUdV (MSW) 
1010 d2x/dU2 (LSW) 
1011 d2xX/dU2 (MSW) 
1100 d2xidV2 (LSW) 
1101 d2xidv2 (MSW) 
1110 UMIN 

111 UMAX 


0000 YMIN 
0001 YMAX 

0010 Yq (LSW) 

0011 Yq (MSW) 

0011 Controls 

0100 dVidUp (LSW) 
0101 dY/dUy (MSW) 
0101 TM, FOV 

0110 dVidVp (LSW) 
0111 dYidVp (MSW) 
0111 Kernel 

1000 d2y/dUdV (LSW) 
1001 d2V/dUdV (MSW) 
1010 d2y/dU2 (LSW) 
1011 d2yidU2 (MSW) 
1100 d2yidv2 (LSW) 
1101 d2yidv2 (MSW) 
1110 VMIN 


VMAX 


Description 


Left side of Source Window 

Right side of Source Window 
Source starting point - X coordinate 
Source starting point - X coordinate 
Mode Select Bits 

Row/Row first differential 

Row/Row first differential 

Test Mode, Field of View 
Row/Column first differential 
Row/Column first differential 
Resampling/Filtering Kernel 

Mixed second differential 

Mixed second differential 

Row second differential 

Row second differential 

Row/Column second differential 
Row/Column second differential 

Left edge of Final image 

Right edge of Final Image 


Column Sequencer 


Description 


Top of Source Window 
Bottom of Source Window 
Source starting point —- Y coordinate 
Source starting point - Y coordinate 
Mode Select Bits 

Column/Row first differential 
Column/Row first differential 

Test Mode, Field of View 
Column/Column first differential 
Column/Column first differential 
Resampling/Filtering Kernel Size 
Mixed second differential 

Mixed second differential 
Column/Row second differential 
Column/Row second differential 
Column second differential 
Column second differential 
Top edge of Final Image 
Bottom edge of Final Image 
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Table 3. Parameter Registers Binary Format (Row Or Column Sequencer) 


Addr 

o000* 

0001" 
000 

0010 OFFF.FS 
F000.00 

0011 

0011 

(Control) 

0100 007F.FFF 
FF80.000 

0101 

0101" 

(TM, FOV) | 

0110 007F.FFF 
FF80.000 

0111 

0111" 

(Kernel) 

1000 0007.FFFFF 
FFF8.00000 

1001 

1010 0007.FFFFF 
FFF8.00000 

1011 

1100 0007.FFFFF 
FFF8.00000 

1101 

1110* ) | FFF 

| : 0 000 
W11" aii 0 2s 28 2 26 29 a4 23 22 al 20 4095 FFF 
: : 0 000 


* unsigned binary notation 
A “~" indicates MSB is sign bit 
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Operation of the Transformation Parameter Figure 4. Operation of LDR Control for Parameter 
Registers Update 


Numerous applications require the ability to update the 
coordinate transformation parameters “‘on the fly.’ 
Because the parameters are double —buffered, the user 
can load any or all of them into the preload registers 
without upsetting the operation in progress. Then LDR 
(load data registers) will update all transform parameters 
to the new values simultaneously. This feature is 
particularly valuable for “pin cushion” and ‘fish eye” Sy ad) 
transformations, or polar—to—rectangular conversions, 
which cannot be performed with constant second 
derivatives. The Autoload function updates the preload Wen >—> 
registers at the beginning of a new image automatically. 

See the Transformation Control Parameters section. Note 

also that data can be loaded in to the registers while 

NOOP is active (LOW). GLK 


Pit_o 


Figure 5. Timing Diagram 


CLK 


Smee 


INPUTS | & 


XXX XXX 


a eo 


coe XX we XXX ww >XX 
| nd — Biles 


Pd 


END | 


Notes: 
1. tg and tpig) are guaranteed to allow full speed operation in the standard two-device architecture. See text. 


2. All outputs except END. See text. 
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Figure 6. Equivalent Input Circuit Figure 7. Equivalent Output Circuit 


Vpp Vop 


n SUBSTRATE n SUBSTRATE 


D1 D1 


~ CONTROL 
INPUT 


= GND 


= = GND 


Figure 8. Transition Level for Three—State Measurement 


ts 


XX 
OX 


‘bis ‘ENA 
OUTPUTS | HIGH IMPEDANCE | . All outputs except ; ; an , 


Absolute maximum ratings (beyond which the device may be damaged) ! 


CLK 


SOUMDIN YM OUR Soca esn cos vat cade sate aaah neat Sl cesnnc a besoaba leben aa vandaag adeva evades uous ab eves tase cvs cons aot olga tatiato -0.5 to +7.0V 
Input Voltage 0... oe Si aiziceciese hatte heme teaeteea thai daa ay eacadeen yearaesag hive eed tae atbsos na Resto staal eda ste -0.5 to Vpp +0.5)V 
Output . 
PA CVO MAE) aici tera tetbeeraet Nari alen ta oa cae hance cece a date Need autiadnar nent nen aoits -0.5 to Vpp +0.5)V 
POG el UN INE scale ator teres es itcvsipla acetoacetate een ate ater Benet et Recline oedema aateathaclh -1.0 to +6.0mA 
Short-circuit duration (single output in HIGH state to QrOound) ..........ccsscsssssssssecssssssssssessssessssssssecssssssssessessssssnsossessssnessssssssssessssnssssssesssssssssscssesseesesessess 1 sec 
Temperature | 
UOT EUAN AYs © CSU 5 Sees ssh cate ech ii sews nave ees cnc escent eee ue fn aa i cada paca endnote -60 to +130°C 
LUPE RYDEN ase pice cvdav teed as e8 hess cas tenb ah Seed execu adele ea a ca Sawiocan ca cca ath ahi es Raskin eae ath ahisteia et ei aeclecmdeataa 175°C 
LOCC, “SOMME TIRE * UIE: SCI NELS) sc czcccss is eves oseaucexeex buds esaGateaanessacentte een Atanas eva anda s canada cane Naat ae eR chennai 300°C 
ROL NS istecetakehvtlececctce res nda ectrcwnea ia as ew Na adult si nt Recieve esas oleae halos -65 to +150°C 
Notes: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4 Current is specified as conventional current flowing into the device. 
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Operating conditions 


Temperature Range 


lo: Output Current, Logic LOW 8.0 8.0 mA 


lon Output Current, Logic HIGH j++. a ie ie mA 
Tp Ambient Temperature, Still Air ee ae ee ae ee es a °C 


DC characteristics within specified operating conditions | 


Temperature Range 


Parameter Test Conditions 


Ippq Supply Current, Quiescent Vpp = Max, Vin = OV 


an 
3 
> 


~~ 
3 
> 


lnpy Supply Current, Unloaded Vpp = Max, f = 15MHz 
li Input Current, Logic LOW Vpp = Max, Vin = OV 


+ 
— 
o 

H 
— 
on 

+ 
~~ 
on 

= 
> 


ly Input Current, Logic HIGH | Vop = Min, Vin = Vop 


+ 
—, 
Lom } 
| 
~~ 
ol 
+ 
ba | 
<3 
> 


: 
> 
[— | 
+ 
— => 
fo] ort 
= 
> 


= 


Vo_ ‘Output Voltage, Logic LOW Vop = Min, Ip, = Max 


| Min 
ase 
aw 
20] 
ee 
Voy Output Voltage, Logic HIGH Vop = Min, Ipy = Max 
= 
= 
Cod 
ae 


No 


loz, Hi-Z Output Leakage Current, Output LOW | Vpp = Min, Viy = OV 

lozH Hi-Z Output Leakage Current, Output HIGH J Vpp = Min, Viy = Vpp 

log Short-Circuit Output Current 2 Vpop = Max, Output HIGH, one pin to ground, 
one second duration max. 


C Input Capacitance Ty = 20°C, f = IMHz 
Co Output Capacitance Ty = 28°C, f = IMHz 


pF 
pF 


1. Actual test conditions may vary from those shown, but guarantee operation as specified. 
2. Guaranteed but not tested. 
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AC characteristics within specified operating conditions 


Parameter Test Conditions 
tey | Cycle Time 


tow Clock Pulse Width LOW 
tpwH Clock Pulse Width HIGH Vpp = Min 


tc Input Setup Time! 
ty Input Hold Time 
tui) Input Hold Time, INTER 


ty Output Delay 2 
tye) Output Delay, END’ 
tuo Output Hold Time? 
tyo(e) Output Hold Time, END 
tps Three—State Disable Delay 


tena Three-State Enable Delay Vop = Min, Croan = 40pF 


1. tg + tpigy = tpy max. 
2. Excluding output pin END. 


Temperature Range 
Standard Extended 


Units 


ee 


ns 
ns 


ns 
ns 
ns 


ns 


> 
a 


nn 


ns 


ns 
ns 


Nm 
foe] 


ns 


2] ns 


Applications Discussion 


Basic Operation 


Each TMC2301 pair contains address controllers which execute 


patterns much like the following FORTRAN 3-level nested DO 9 


loop: 


1. The inner loop is a clockwise outgoing spiral “walk” through 
the N-element coefficient kernel. 


2. The middle loop is a left-to-right “scan” along each row J. 


of the output image space. 


3. Finaily, the outer loop is a top-to-bottom “scan” down 
each column of the output image space. 


A typical one-pass image transformation proceeds as follows: 


1. The device pair outputs the addresses (Xg, Yq), which is the 4 


first point in the source image, and (CAX, CAY), the 
interpolation lookup table address for the first pixel in the 
kernel. The output ACC goes LOW, causing the external 
accumulator to load the first product without summation, 
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clearing the accumulator. 


. For the next N cycles, the IRS walks through an outward 


clockwise spiral in (x, y) space, accumulating 
pixel—interpolation coefficient products. The spiral sequence 
is depicted in Figure 9. 


After the completion of the first spiral walk, the IRS outputs 
the target address of the first pixel, (UMIN, VMIN) and the 
control UWRI, along with the initial (X, Y) values of the next 
spiral walk. ACC and UWRI can be delayed by one clock 
cycle by setting the control bit PIPE to 1 (HIGH), simplifying 
the task of interfacing the TMC2301 to buffered source 
image memory. 


. After the last cycle of the next spiral, UWAI again goes 


LOW for one clock, and the target address outputs are 
updated, pointing to the location of the pixel calculation just 
completed, (UMIN + 1, VMIN). 
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5. The third spiral walk begins with ACC going LOW, and ends after (UMAX + 1, VMIN) will be (UMIN, VMIN + 4), 


with (UMIN + 2, VMIN) output and UWRI going LOW. followed by (UMIN + 1, VMIN + 1], etc. 
6.he procedure continues until (UMAX + 1, VMIN) is reached, 7.Upon completion of the walk corresponding to 
at which point the device resets to U (position within row) (UMAX + 1, VMAX + 1), the TMC2301 will generate a 
and increments V (number of row). Thus, the next (U, V) set DONE flag with the final UWRI, and begin a new sequence. 


Figure 9. Timing Diagram and Pixel Map Showing Outward Clockwise Spiral Walk Generated by TMC2301 
(2 x 2 Kernel Shown) 


e ® @ ] 
® e-re @ 
© 
e od @ e 
® e e e 
CLK 
Xx. Y11-0 
| | —— NEXT WALK —3> 


PIPE = 0 
UWRI \ / | \ / 
ACC \ / \ / 
PIPE = 1 
UWRI | \ / | \ / 
Notes: 


1. Assumes that OETA is LOW and NOOP is HIGH. 
2. Timing Parameters are not shown on this diagram. 
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On any given clock cycle, the actual (X, Y) and (U,V) 


outputs of the IRS are given by the following equations: 


x=Xq+dX/dUg*m+dX/dVg*n+d2X/dUdV*m*n 
— 4.d2X/dU2* (m2 — m)/2 + d2x/dV2*(n2 — n}/28 
“+ FOV*CAX(w) + FOV*m*CAX(Ker] 
y=Yg + dY/dUg*m+dX/dVq*n+d2Y/dUdV*m*n 
+ d2V/dU2* (m2 —m)/2 +.d2YV/dV2* (n2 — n)/20 
+ FOV*CAY(w) + FOV*m*CAY {Ker} 3 
u=UMIN+m 
v=VMIN+n 


where FOV is the 4—bit field of view parameter, 
normally set to 1 so that the spiral walk proceeds in 
single — pixel steps. Setting FOV to 4 would expand the 
spiral walk, allowing the user to trade two bits of image 
size for two bits of additional interpixel positioning 

~ resolution. CAX(w) and CAY(w) are the current value of 
~ the coefficient address outputs, and CAX(KER) and 
CAY(KER) are the terminal values of each pixel walk. The 
CA(KER) terms arise because the IRS computes each 
new walk’s starting point from the previous spiral walk’s 
end point, rather than its starting point. 


Interpolation Coefficient Lookup Table Addressing 


The external coefficient lookup table RAM stores the 
interpolation values used. to calculate the value of the 
new pixel. These values are selected by the user, 
allowing maximum filtering flexibility. In simple filtering 
applications, all 8 bits of coefficient address are available 
to access up to 256 interpolation coefficients, for kernels 
of 16 x 16 pixels. This address is generated by the 
internal walk counter of the TMC2301. In most = 
applications, the same Kernel parameter value is selected 


in both IRS devices; thus, the Coefficent Address outputs 


CA7_ for the X and Y devices are identical, and the 
user needs only one of the 8—bit buses for memory 
access. | | 


Applications executing a coordinate transformation, 
however, will almost always generate non—integer 
source pixel addresses; that is, the U (or V) locations will 
not map to the X (or Y) addresses exactly, and fractional 
address components are generated. The user then must 
account for this spatial offset in both dimensions by 
storing the appropriate corrected interpolation kernel 
values in the lookup table. The 8—bit address bus Is 
broken up into two parts: the fractional portion (upper 4 
bits), and the walk counter (lower 4 bits}. Thus, in 
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resampling applications, the maximum kernel size is 4 x 4 
pixels, or 16 locations. As in the filtering example, 
assuming that the user has selected the same kernel size 
for both IRS devices, the 4 bits of least— significant 
address generated by both devices will be identical, and 
redundant. The four most significant address bits, 
however, will reflect the current fractional offsets of the 
resampled pixel from the nearest X (Y} location, to.a 
Spatial resolution of 4 bits, in the X (or Y) directions. — 
Utilization of the 12 bits (total) of lookup table address is 
left to the user, to be arranged as desired for memory 


access. See Figure 3. 


Application Examples 


One of the more common applications for the TMC2301 
is simple static filtering. In this case the source and 
target memories locations are identical and no coordinate 
transformation is performed. The (X, Y) and (U, V) 
outputs listed in Table 4 show the address sequencing 
generated by the TMC2301 to execute the walk of a 


5 x 5 pixel interpolation kernel. The normalized 


Figure 10. Pixel Map Showing Walk Sequence for 


(0, 0) 
® 


_ coefficients shown implement a first-order Butterworth 

Low Pass Filter with cutoff radius of 1/./2. Note that the 
(U, V) output address is updated following the completion 
of the walk for that location. 


5 x 5 Static Filter 


e e e ry e 
e e e e e e 
2 22 23 24 
20 e———_-»> e ——___pe o——__pe e 
7 8 § 
19 ¢ § o- ——__> e —___pe —__pe e 
0 1 | 
4 ; PGi nf 
17 e o+——_  ¢ —___ 0 e11 e 
4 3 2 | 
eq e q—_————- o qo Gf —_—— © e 
16 15 14 13 12 
° e e ry e e 
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Table 4. IRS Outputs for Static Filter Illustrated in However, we have included a linear compression factor of 5:1, 
Figure 10 and must accommodate the fact that each. time u is 
incremented, the start of the new walk is referenced to the 
END of the previous walk. Given these corrections, the rotation 
matrix becomes: 


1 0 2 4 
2 4 4 2 4 dX/dUg = 5cosla) = 3 dY/idUg = 5sinla)-FOV = 3 
: ee i 3 ; i a dXidVg = -5sinlal = -4 — dY/dVg = 5cosla) = 3 
4 3 5 3 ; 2 4 Karnal 4 
5 2 5 4 2 4 : 
6 Z 4 5 6.0725 Z ee a a a a ee eS 
7 2 3 6 0.0435 2 4 Figure 11. Pixel Map Showing Parameters for 63° Rotation 
8 3 3 7 0.0725 2 4 and 5:1 Compression Listed in Table 5 
g 4 3 8 0.0435 2 4 0.0, : (0, 0 : 20, 0) 
10 5 3 9 0.0198 2 4 
" 5 4 10 0.0272 2 4 
12 5 5 1 0.0198 2 4 
13 5 6 12 0.0128 2 4 
14 4 6 13 0.0198 2 4 ‘ 
15 3 6 14 0.0272 2 4 
16 2 6 15 0.0198 2 4 
17 1 6 16 0.0128 2 4 
18 1 5 17 0.0198 2 ne 
19 1 4 18 0.0272 2 4 
20 1 3 19 0.0198 2 4 
21 1 2 20 0.0128 2 4 
22 2 2 21 0.0198 2 4 
23 3 2 22 0.0272 2 4 : 
24 4 2 23 0.0198 2 4 
25 5 2 24 0.0128 2 4 
26 4 4 0 0.2175 3 4 
(0, 20) « 


Figure 11 illustrates the sequence for a bilinear resampling of a 

63° rotation. The starting point is translated +1 in the 

Y-direction. A common rotation matrix might be: 
dX/dUg = cos la) = .6 dY/dUg = sin (a) = 
dXidVg = -sin (a) = -.8 dY/dVp 


II 
?) 
=) 
” 
fe) 

HT 


TRW LSI Products Inc. 37 


™MIC2301 


7 AXV 


Table 5. IRS Outputs for Operation Illustrated in Figure 11 


Figure 12 may help clarify the relationships among (Xg, Yo), 
(XMIN, YMIN), (XMAX, YMAX), (UMIN, VMIN), and 

(UMAX, VMAX). With positive first derivatives, (Xg, Yg) and 
(UMIN, VMIN) represent the upper left corners of the original 
image and the new destination field, respectively. The lower 
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right corner of the transformed image is located at 

(UMAX + 1, VMAX + 1); the location of the corresponding - 
corner of the original image depends on the values of the - 
derivatives. Not to be confused with (Xg, Yq), the points 
(XMIN, YMIN) and (XMAX, YMAX) define the “usable” — 
rectangular portion of the original image; points (X, Y) lying 
outside this region are ignored in most resampling and filtering 
applications. This feature permits one to construct a mosaic of 
several abutting subimages in the (x, y) plane, without danger 
of edge effect interference between adjacent subimages. Note 
in the figure that the upper left and lower left corners of the 
original image lie outside the admissible region; in practice, the 
values fetched at these locations will not be included in the 
convolutional sums. 


Figure 12. Pixel Maps Demonstrating Source and 
Destination Image Boundaries and Image Clipping 
(Note Shaded Area) | 


(xp. Yo) a 
XO YO", e e e e e e e e 
A CZERO = LOW 
Y e 
| (XMIN, YMIN) (XMAX, YMIN) 
e e e e e e e e 
e e 
e e 
e e 
e e 
CZERO = LOW 
e e 
e 
(XMAX, YMAX) 
(XMIN, YMAX) © ee 
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| * (UMIN, VMIN) 


(UMAX, VMAX) 


Note: Assume 000h < X < FFFh 
000h < Y < FFF 
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Ordering Information 


Product 


Package 
Number 


Marking 


TMC2301G8C2 STD—Tp=0°C to 70°C Commercial 68 Pin Grid Array 2301G8C2 
TMC2301G8V EXT—Te= —55°C to 125°C MIL-STD-883 68 Pin Grid Array 2301G8V 
TMC2301G8V1 EXT—Te= —55°C to 125°C MIL-STD-883 68 Pin Grid Array 2301G8V1 
TMC2301H8C STD—Tpj =0°C to 70°C Commercial 68 Pin Grid Array 2301H8C 
TMC2301H8C1 STD—T,=0°C to 70°C Commercial 68 Pin Grid Array 2301H8C1 
TMC2301L1V EXT—Te= —55°C to 125°C MIL-STD-883 68 Leaded Hermetic Ceramic Chip Carrier 2301L1V 
TMC2301L1V1 EXT—Te=—55°C to 125°C MIL-STD-883 68 Leaded Hermetic Ceramic Chip Carrier 2301L1V1 


TMC2301R1C 
TMC2301R1C1 
TMC2301R1C2 


STD-T,=0°C to 70°C 
STD-T, =0°C to 70°C 
STD-T,=0°C to 70°C 


Commercial 
Commercial 


68 Lead Plastic J-Leaded Chip Carrier 
68 Lead Plastic J-Leaded Chip Carrier 
68 Lead Plastic J-Leaded Chip Carrier 


2301R1C 
2301R1C1 


Commercial 2301R1C2 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LS! Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LS! Products Inc. against all damages. 


TRW LSI Products Inc. 39 


Imaging Products 


40 


rtry 


TRW LSI Products Inc. 


TMCG2302 


Image Manipulation Sequencer 
40MHz 


The TMC2302 Is a high-speed self-sequencing VLSI 
circuit address generator which supports image resam- 
piing, rotation, rescatiiny, warping, ana titering. it gen- 
erates input bit plane, interpolation coefficient lookup 
table, and output bit plane memory addresses along with 


pixel interpolator control signals. 


Similar in architecture to the TRW TMC2301 Image 
Resampling Sequencer, the TMC2302 features numerous 
enhancements. In addition to an increase in the maxi- 
mum clock rate to 40MHz, the device offers three- 
dimensional address generation and implements two- 
dimensional image transformation polynomials of up to 
third order. 


The TMC2302 can process image data fields with up to 
24 bits of binary resolution (224 pixels) per dimension, 
witn O to 16-5it subsixe! resolution. 
A system based on two TMC2302s can nearest-neighbor 
resample a two-dimensional 512 x 512 pixel image in 

6.5 milliseconds, translating, rotating, or warping tt, 
depending on the user-selected transformation para- 
meters. A complete bilinear interpolation of the same 
image can be completed in 26 milliseconds, while a 
nearest-neighbor resampling of a 3D image 128 pixels on 
a side takes only 53 milliseconds with three TMC2302s. 
Image resampling speed is independent of angle of 
rotation, degree of warp, or amount of zoom specified. 
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Features 


e Asynchronous Loading Of Control Parameters 


e Rapid (25ns Per Pixel) Rotation, Warping, Panning, 
And Scaling Of Images 


e Three-Dimensional Image Addressing Capability 


e General Third-Order Polynomial Transformations In 
Two Dimensions Implemented On-Chip; Three- 
Dimensional Transformation Of Up To Order 1.5 Also 
Supported 

e Flexible, User-Configurable Pixel Datapath Timing 
Structure 

e Static Convolutional Filtering Of Up To 16 x 16 Pixel 
(One-Pass}, 256 x 256 Pixel (Iwo-Pass} Or 
256 x 256 x 256 Pixel (Three-Pass} Windows 


User-Selectable Source Image Subpixel Resolution. of 
2°8 to 2-16 | 

24-Bit (Optional 36-Bit) Positioning Precision Within — 
The Source Image Space, 48-Bit Internal Precision 

@ Low Power One-Micron OMICRON-C™ CMOS Process 
e Available In A 120 Pin Plastic Pin Grid Array 


Applications 


e High-Performance Video Special-Effects Generators 
e Guidance Systems : 
Image Recognition, Robotics 


e High-Precision Image Registration (LANDSAT 
Processing} 


- Functional Block Diagram 
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Pin Assignments — 120 Pin Plastic Pin Grid Array, HS Package 
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Functional Description 


General Information 


The TMC2302 is a versatile, high-performance address 
generator which can control, under user direction, 
filtering or remapping of two or three-dimensional 
images by resampling them from one set of Cartesian 


coordinates (x, y, z} into a new, transformed set (u, v, w). 


Most applications utilize two identical devices for two- 
dimensional, or three devices for three-dimensional, 
image processing. The host CPU initializes the system by 
loading the input image buffer RAM with the source 
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image pixel data and the TMC2302s with the image 
transformation and system configuration control 
parameters. These parameters are loaded by a separate, 
asynchronous input clock. The IMS-based system then 
executes the entire transformation as programmed, 
generating a DONE flag upon completion of the 
transform. The user can program the chip to repeat the 
transform continuously or to halt at the end. 
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General Information (cont.) 


The IMSs continuously compute the target bit plane 

(u, v) or bit space addresses (u, v, w) in typical line-by- 
line, raster-scan serial sequence. For each output pixel 
address, they compute the corresponding remapped 
source image coordinates, each of whose upper 24 bits 
become the source bit plane addresses (x, y}. An 
additional lower twelve bits are available through the 
target address port in the optional extended address 
mode. Source image addresses may be generated at up 
to 40MHz, with the corresponding target image 


addresses then appearing at up to (40/k)MHz, where “k” 


is the size of the interpolation kernel implemented. In 
the two-device system, one TMC2302 computes the 
horizontal coordinates x and u while the other generates 
the y and v (vertical) addresses. In a three-dimensional 
system, one additional device would provide the z and w 
(depth or time) coordinates. 


To support a wide range of image transformations, the 
“row’’ or x/u device implements a 16-term polynomial of 
the form: - 


x=a+bu + cu2 + dud + ev + fvu + gvu2 + hws + iv2 
+ jv2u + kv2u2 + W2u3 + mv3 + nveu + ovsu2 + pvsus 


where a through p are the user-defined image trans- 
formation parameters. The TMC2302 steps sequentially 
through the pixels within a user-defined rectangle in the 
target Image space, computing the ‘old’ source image 
address (x, y, 2} corresponding to each ‘new’ target 
image pixel (u, v, W). User-programmable flags are 
available to indicate when the source and target image 
addresses have fallen outside of a defined rectangular 
area, simplifying the generation of complex images or 
image windows. 


In the three-dimensional mode, the x/u transformation 
equation Is: 


X= a+ bu + ev + kw + fuv + ivww + luw + juvw 


see “The Image Transformation Polynomial” section of 
the Applications Discussion . 
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The TMC2302 utilizes an external multiplier- 
accumulator or interpolator, connected to the system 
clock, to calculate the interpolated pixel value for each 
color. The products of the original source image pixel 
values surrounding the remapped pixel location {interpo- 
lation kernel) and the appropriate weights stored in the 
coefficient lookup table are summed. The resulting new 
interpolated image pixel value is then stored in the 
corresponding (U, V, W) memory location in the target 
image memory buffer. Next, the target image address is 
incremented by one in the ‘‘u’’ direction until UMAX is 
reached (end of line}, when U is reset to UMIN, and the 
V counter is incremented to give the first pixel location 
in the next line. The process is repeated, proceeding 
line-by-line through the image, until VMAX is reached. In 
the case of three-dimensional images, the IMS system 
also steps through each page in the image, incrementing 
in the ‘‘w’’ direction with the completion of each image 
plane until WIMAX ts reached, and the transformation is 
complete. | 


The Image Manipulation Sequencer can support any 
nearest-neighbor, bilinear interpolation, or cubic 
convolution resampling, according to the user's require- 
ments. Interpolation kernels of more than one pixel 
require an external interpolation coefficient lookup table 
and multiplier-accumulator. One, two, and three-pass 
algorithms are supported. For each output point in a 
typical two-dimensional single-pass static image filter, the 
TMC2302 implements a spiralling pixel resampling 
algorithm, ‘walking’ around the resampling neighborhood 
in two dimensions and generating the appropriate coefti- 
cient table addresses to sum up the interpolated pixel — 


value in the external pixel interpolator. At the end of 


each walk, the TMC2302 will advance one pixel along 
the output scan line and then execute the walk for that 
next pixel. When performing multiple-pass interpolation, 
the TMC2302 system proceeds along only one dimension 
per pass, which requires dimensionally separable, prefer- 
ably orthogonal, coefficients. 
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Figure 1. Image Resampling Geometry Showing Two-Dimensional Image Rotation and Expansion 
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NOTES: 1. Coordinate transformation U, V pixel mapped into X, Y coordinates. 2. Bilinear pixel interpolation walk. New U, V pixel intensity calculated from surrounding X, Y pixel neighborhood. 54044, 


A basic, two-dimensional TMC2302-based system is accumulator or pixel interpolator such as the TRW 


shown in Figure 2. |n this typical arrangement, two TMC2246 Image Mixer or TMC2250 Matrix Multiplier, 
Image Manipulation Sequencers process the image. The and the Interpolation Coefficient Lookup Table RAM or 
only other components needed beyond the source and ROM. : 


target image buffer memories are a multiplier- 
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Figure 2. Basic Two-Dimensional Image Convolver Using TMC2302 IMS with Typical 8-Bit Data Path 
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Signal Definitions 
Power 
Vpp, GND The TMC2302 operates from a single +5V IADRg-p are strobed into the outer preolad 
supply. All pins must be connected. registers on the rising edge of the Input 
parameter Write clock IWR. See Figure 3. 
Clock 
CLK The pixel clock of the TMC2302 strobes all {Puts 
internal registers except the control para- IADRg-9 The input parameter preload register 
meter preload registers. All timing specifi- currently indicated by the Input parameter 
cations except those are referenced to the register Address I[ADRg-_g 's loaded with the 
rising edge of CLK. data presented to input port IDAT on the 
so rising edge of IWR, as demonstrated in 
IWR The internal image transformation and Figure 3. 


configuration control parameter registers are 
double buffered to simplify interfacing with IDAT;5-g Configuration and transformation parameter 


system controllers. Depending on the state Input Data is presented, along with the 
of the chip select ICS, control words input appropriate input register address word 
to IDAT15-9 and the corresponding input IADRg-p, to the parameter Input Data port 


parameter register addresses presented to 
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TMC2302 


Inputs (cont.) 


IDAT 15-9 
(cont.) 


IDAT45.9 and is latched into the preload 
registers on the next rising edge of IWR. 
Preload register updates are disabled by 

the chip select control ICS. See Figure 3. 


Figure 3. Image Transformation and Configuration 
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SADR73.g The 24-bit address of one dimension {X, Y, 


KADR7-0 


TADR 44-9 


Z\ of the source image pixel value currently 
being resampled is output through the 
source Address port SADR73-9. This port 
can be forced to the high-impedance state 
by the enable control OES. 


The integer address steps for each 
dimension of the spiral interpolation walk 
performed by the TMC2302, as determined 
by the transform parameter KERNEL, are 
generated by the internal walk counter and 
output at the Coefficient Address output 
port KADR7.9. This port can be forced to 
the high-impedance state by the enable 
control OEK. 


The 12-bit address of one dimension (U, V, 
W) of the target image pixel value just 
resampled is output through the Target 
Address Port TADR41-9. This port is forced 
into the high-impedance state by the 
enable control OET. TADR11.9 can be 
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Controls 


ICS 


INIT 


SYNC 


delayed up to seven clock cycles after the 
nominal sequence shown in Jable 7 by 
utilization of the pipeline delay parameter 
PIPTAD. For systems requiring greater 
Spatial resolution in the source image than 
that offered by the SADR73-9 alone, the 
Target Address Port can be reconfigured to 
output 12 additional LSBs of the source 
address py pldcing ine device into ine 
Extended mode, in which case the pipeline 
delay parameter must be set to 0 to 
maintain alignment with the current source 
address port output. See the Device 
Configuration and Control Parameters 
section. 


The input parameter preload register write 
clock IWR, and thus the preloading of all 
configuration and transformation para- 
meters, is disabled on the next clock when 
the registered Input parameter Chip Select 
input is HIGH. When ICS returns LOW, 
they are enabled on the next clock. See 
Figure 3. | 


The TMC2302 control logic is cleared and 
initialized for the start of a new image 
transformation, and the internal working 
registers are updated with the contents of 
the current contro! parameter preload 
registers when the registered control input 
INIT is HIGH. The image transformation 
then commences with the first source 
image pixel address nine clocks later. 


The user can select between continuous or 
one-frame operation with the registered 
input control SYNC. Assuming that INIT 
remains LOW and NOOP remains HIGH, if 
SYNC remains HIGH at the end of a 
transform the TMC2302 will begin the next 
image transformation without interruption. — 
This assumes either that the user Is not 
changing the parameter set, or that a new 
set of parameters has already been loaded 
into the preload registers midframe, prior to 
the beginning of the last line in the 
transform. 
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Controls (cont.) 


SYNC 
(cont.} 


ACC 


= 
© 
5 


lf SYNC is LOW during the last clock cycle 


of a transform, the device will complete the 
image, having loaded the new transform 
parameter set during the first clock of the 
final line of the transform, and halt in the 
state set on the first clock cycle of the 
next transform. These outputs are held until 
SYNC is again brought HIGH, and operation 
resumes on the next clock. See Figure 5. 


The external pixel interpolator or multiplier- 
accumlator is initialized fora new accumu- 
lation of products by the registered Accu- 
mulator Control output ACC. On the first 
cycle of each interpolation walk, this output 
goes LOW for one cycle, effectively clearing 
the register by loading in only the first new 
resampled pixel value. When performing 
nearest-neighbor resampling, this control 
will remain LOW throughout the entire 
transform. This output can be delayed up 
to seven clock cycles after the nominal 
sequence shown in Jable 7 by the pipeline 
delay parameter PIPACC. See the Device 
Configuration and Control Parameters 
section. 


On the last cycle of each interpolation 
walk, the Target Write Enable goes LOW 
for one clock cycle, returning HIGH for all 
but the last cycle of the next walk. When 
performing nearest-neighbor resampling, 
this control will remain LOW throughout 
the entire transform. This output can be 
forced to the high-impedance state by the 
enable control QET, and can be delayed up 
to seven clock cycles after the nominal 
sequence shown in Jable 7 by the pipe- 
line delay parameter PIPTWR. See the 
Device Configuration and Control 
Parameters section. 


Assuming that INIT remains LOW, the 
internal system clock of the TMC2302 will 
be disabled on the next clock, halting the 
Current transform, when the registered 
control input NOOP goes LOW. When 
NOOP returns HIGH, normal operation 


OES 


Flags 
SVAL 


resumes on the next clock. This control — 


does not affect the loading of the configu- 


ration and transformation parameter preload 
registers. | 


The source address port SADR73_9 is 
enabled when the asynchronous output 
enable OES is LOW. When OES is HIGH, 
the port is in the high-impedance state. 


The interpolation coefficient address port 
KADR7-9 !s enabled when the asynchro- 
nous output enable OEK is LOW. When 
OEK is HIGH, the port is in the high- 
impedance state. 


The target address port TADR11-9 and 
target. write enable TWR are enabled when 
the asynchronous Target Output Enable OET 
is LOW. When OET is HIGH, these outputs 
are in the high-impedance state. This 
control functions in both the normal and 
extended addressing modes. 


When the current source image address 
component output is within the working 
space defined by the parameters XMIN and 
XMAX (or YMIN, YMAX for the column 
(Y/V) device or ZMIN, ZMAX for the page 
(Z/W) device}, the Source Address Valid 
flag SVAL for that device is LOW. This flag 
will go HIGH on the clock in which the 
corresponding component address falls 
outside the defined region. In a typical 
system, the SVAL outputs of all IMS 
devices are OR’ed together to generate a 
global boundary violation flag. The user 
might then insert zeroes into the pixel 
interpolator to ignore that portion of the 
image outside the defined space, or insert 
a background color or image. This output 
can be delayed up to seven clock cycles 
after the nominal sequence shown in Jable 
1 by the pipeline delay parameter PIPSVA. 
see the Device Configuration 

and Control Parameters section. 
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Flags (cont.) 


TVAL 


ENDD 


When the current target image addresses 
are within the working space defined by 
the parameters UMINI and UMAXI, and 
VMINI and VMAXI (and WMINI and 
WMAXI for systems processing three- 
dimensional images}, the Target Address 
Valid flag TVAL for that device is LOW. This 
flag will go HIGH on the clock in which 
the current target address outputs fall 
outside the defined region. Since each | 
TMC2302 device is programmed with DONE 
distinct MINI/MAXI parameters and 
generates a separate TVAL flag, the user 
may define separate two or three- 
dimensional target space windows for each 
device. TVAL can be delayed up to seven 
clock cycles after the nominal sequence 
shown in Jable 1 by the pipeline delay 
parameter PIPTVA. See the Device 
Configuration and Control Parameters 
section. 


During the last pixel interpolation walk of a 


row (X/U device}, the last row in a page 
(Y/V device), or the last page in a three- 
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dimensional transform (Z/W device}, the 


flag ENDD goes HIGH for the entire walk, 


indicating End of the transform in that 
dimension. It remains LOW otherwise. This 
output can be delayed up to seven clock 
cycles after the nominal sequence shown in 
Table 1 by the pipeline delay parameter 
PIPEND. See the Device Configuration 
and Control Parameters section. 


On the last clock cycle of the current 
image transform, the DONE flags on all 
TMC2302s go HIGH for one clock cycle. 
On the next clock cycle, all devices output 
the first addresses and control signals for 
the next image transform. If SYNC is LOW, 
the IMS system halts. If SYNC is HIGH, 
operation continues without interruption. 
see “SYNC,” in the Controls section. This 
flag can be delayed up to seven clock 
cycles after the nominal sequence shown in 
Table 1 by the pipeline delay parameter 
PIPDON. Also see “PFLS," in the Device 
Configuration and Control Parameters 
section. 
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Signal 
Type 


Power 


Clocks 


Inputs 


Outputs 


Controls 


Flags 


No Connects 


Signal | | 
Name 


Supply Voltage 


System Clock 
Input Parameter Write Clock 


Input Parameter Data 


Input Parameter Address 


Source Address 


Coefficient Address 


TADR} 1.9 _ Target Address 
INIT 
SYNC 


Initialize 

Run/Halt 

Input Parameter Chip Select 
Accumulate 

Target Memory Write Enable 

No Operation 

Source Address Output Enable 
Coefficient Address Output Enable 
Target Address Output Enable 


SVAL Source Address Valid 
TVAL Target Address Valid 
End of Dimension 


Al 
m” 


(ep) 
© 


—_ 
= 
2 


CO 
4 


No Connect 


Iz 
m 
A 


o 


H5 Package Pins 
C3, C2, F3, G3, J3, L2, L4, L7, L11, K11, 
J11, H12, G12, F11, D11, A13, A4, B3 
D3, E3, G2, H3, K3, N1, L5, M11, M12, L12, 
K13, H11, G11, F12, E11, C12, C11, C4, Al 


J12 
J13 


-A10, C9, B10, A11, B11, C10, A12, B12, 


B13, C13, D12, D13, E12, E13, F13, G13 
A7, C7, B7, A8, B8, C8, AS 


B6, C6, A5, BS, C5, B4, A3, A2, 
B2, B1, C1, D2, D1, £2, E1, F2, 
F1, G1, H1, H2, Jt, J2, K1, K2 
N2, M3, N3, M4, N4, M5, N5, L6 
N12, N11, M10, L9, N10, M9, 
N9, L8, M8, N8, N7, M7 


K12 
H13 
B9 
M1 
N6 
L13 
A6 
M2 
M6 


Li 
M13 
N13 
L10 


L3 
D4 
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AAC | 
Table 1. Nominal Output Signal Timing 

X|—1,J,0 0 ULM 0 0 

X|— 1) UL-1M 0 0 

X|— 1,2 Ul —-1.M 0 0 

Xi —1u,ic YL -1M G G 

X1,J,0 ULM 0 

ULM 1 0 

1 0 


Note: 1. 


KADR7_9 timing identical. 


The nominal sequence of address and control signals of 
a two-dimensional, single-pass-programmed TMC2302 
system, with all PIPE parameters set to 0, is shown in 
Table 1. Here, the values of the last two new target 
image pixels U;-1 \y and U; jy are being calculated, and 
the beginning and end of the interpolation walks of 
length K which sample source image pixels in the 
neighborhod of locations (Xj.1 J, Xj J) can be seen. 
Utilizing the arrival of the source image address 
(SADR31-g) as a reference point, the other signals 


shown can be delayed up to seven clock cycles from the 
nominal timing shown here, allowing the user to 
configure these outputs to match the timing latencies of 
his pixel data path structure. Considerable speed and 
timing variations in image buffer memory, data register, 
and pixel interpolator structure can thus be accomodated, 
with minimal corresponding support hardware. Also see 
“PFLS;" in the Device Configuration and Control 
Parameters section. 


Transformation Coefficient and Configuration and 
Control Parameters 


The TMC2302 Is intended to act as a co-processor, 
requiring only that the user program the device to 
perform the image transformation desired by loading in 
the appropriate device configuration and transformation 
control parameters discussed in this section. The user 
then issues an ‘Init’ command, allowing his system to 
run unattended until the completion of the image when 
a “Done” flag is generated to inform the host system. 


The capabilities and flexibility of the TMC2302 Image 
Manipulation Sequencer are apparent when reviewing 
the following tables which define the transformation 
coefficient and configuration and control parameters. 
These tables are broken up into two separate groups. 
The first parameters discussed are the control words 
which select the dimension calculated, the functional 
configuration of each device, the working space in which 
they will operate, the size of the interpolation kernel 
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desired, and the timing of the various address and 
control signals involved in handling the pixel data 
pipeline. The second parameters are the polynomial 
transform coefficients used in performing image 
manipulation. The TMC2302 utilizes three levels of 
internal 48-bit accumulators to calculate these values by 
forward difference accumulation, generating no significant 
cumulative spatial error for most applications. The user 
must be aware that all internal parameter and coefficient 
registers must be set by the user, including resetting 
after powerup any unused control words or coefficients. 


A major difference between the TMC2302 and the 
TMC2301 is that elimination of the device interconnects. 
Instead, the user programs all X, U, V, and W boundaries 
into all TMC2302 devices. The system's progress through 
the image is monitored by each device independently 
and in parallel. 
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Transformation Coefficient and Sonliguratos and 
Control Parameters (cont.) 


The boundary values are usually identical in all. devices | In 


order to maintain synchronous operation. 


As mentioned above, the TMC2302 also features user- 
programmable image data pipeline configuration controls. 
All output signals except the source and coefficient 
address outputs can be individually delayed by the user 
up to seven clocks after the nominal system timing 
illustrated in Table 7. This allows the user to software- 
configure the TMC2302s in his system to match his pixel 
interpolator, image buffer, and interpolation coefficient 
RAM structure timing. 


The user can also program the device to continue into 
the next image for a set number of clock cycles after 


~~. the Done flag has appeared. First, this ‘flushes’ the final 


resampled pixel data word through the interpolation 
pipeline, all the way to the target image’ RAM. Also, 
valid pixel data will then appear on the first clock of the 
next transform independent of the length of the pixel 
pipeline, incurring no lost clock cycles. 


Device Configuration and Control Parameters 


UMIN, 
VMIN, 
WMIN 


The memory addresses of the target mage 
boundaries corresponding to the top, left 
side, and front page of the new image 
being generated are defined in all devices 
of the user's system by the parameters 
UMIN, VMIN, and WMIN, respectively. At 
the beginning of the transformation, the 
initial source image coordinate (Xo, Yg, Zo) 
will be mapped to this coordinate set. The 
numeric format assumed is 12-bit unsigned 
binary ene 


_ The memory addresses of the target image 
boundaries corresponding to the bottom, | 
right side, and last page .of the image 
being generated are. defined in all devices 
by the. parameters UMAX, VMAX, and 
WMAX, respectively. These values should 
be greater than the UMIN/VMIN/WMIN 
values defined above. Numeric format 
assumed is unsigned 12-bit binary integer. 


UMAX,. 
VMAX, 
WMAX 


Note: The parameter UMAX must exceed UMIN so as to 


ensure that a minimum of 5 system clock cycles in two- 
dimensional operation, or 15 clock cycles in three- 
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dimensional operation, pass between the periods in 


which these two target address values are generated. 


Thus in 2D nearest neighbor operation UMAX must be 
5 greater than UMIN. In 2D bilinear interpolation mode 
(4-pixel two-dimensional kernel}, the distance must be 
two pixels in the target image (actually enforcing a 
spacing of 8 system clocks). 


UMINI, 
VMINI, 
WMINI 


The target image addresses corresponding 
to those of the top, left side, and front 
page of the 2 or 3 dimensional region 
indicated by the valid target address flag 
TVAL are UMINI, VMINI, and WMINI, 
respectively. Thus, to define a valid region 
beginning at ‘’m,’ the MINI parameter 
value is ‘m. These parameters are 
assumed to be in 12-bit unsigned binary 
integer format. 


UMAXI, 
VMAXI, 
WMAXI 


The target image addresses one more than 
those of the right side, bottom and back 
page of the region indicated by the valid 

~ target address flag TVAL are UMAXI, | 
VMAXI, and WMAXI, respectively. | Thus, to 
define a valid region. ending at ‘‘n,’ the 
MAXI parameter value is “n+1". These 
parameters are assumed to be in 12-bit 
unsigned integer. format. 


The source image boundaries are defined 
for each device by the parameters XMIN 
~and XMAX, in the case of the row device. 
The column.device then contains YMIN 
and YMAX, and the page device (in sys- 
tems performing three-dimensional opera- 

tions) ZMIN and ZMAX. The value of 
XMAX should be greater than XMIN if the 
boundary violation flag SVAL is to operate 

~ correctly. These values are assumed to be 
in 32-bit unsigned binary integer format. 


XMIN, 
XMAX 


PFLS The user can set the number of clock 

~ cycles that the TMC2302 continues in to 
the next image following the DONE flag, 
allowing his system to Flush all control and 
data pipeline paths and halt after a maxi- 

~ mum of seven cycles. The numeric format 

assumed is three-bit unsigned binary 
integer. 
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Device Configuration and Control Parameters (cont.) 


PTAD, 


PDON, 


PEND, 
PTVA, 
PSVA, 


PTWR, 


PACC 


XTND 


E3D 


DIM 


MODE 


As mentioned above, the control signals 
and target image pixel addresses generated 
by the TMC2302 can be delayed up to 
seven clock cycles after the nominal timing 
shown In Table 7 by setting the appro- 
priate Pipeline delay word. The numeric 
format assumed for all delay words Is 
three-hit unsigned binary integer. 


When the user sets the control bit XTND 
to 1, the TMC2302 operates in an 
extended-resolution source address bus 
configuration. Assuming that the user has 
his own raster scan generator available 
elsewhere to manage the flow of output 
pixels from the TMC2302 system, the 
target address output bus TADR 41-9 is 
reconfigured internally into an extension of 
the source address bus, as SADR 41-9. The 
original source address bus SADR93-Q Is 
then SADR35.17, providing 36 bits of 
Spatial resolution in the source address 
space. An XTND of 0 puts the device in 
the standard 24-bit source, 12-bit target 
address configuration. 


Setting this control bit to 0 indicates a 
two-dimensional image transform is to be 
performed. When the E3D Is set to 1, a 
three-dimensional image is assumed, using 
three TMC2302 devices. 


The user sets each TMC2302 to operate in 
a specific dimension as follows: 


Dimension 


00 X/U (Row) Device 
01 Y/V (Column) Device 
10 Z/W (Page) Device 


No Operation 


In systems performing the standard two- 
dimensional spiral interpolation walk, MODE 
Is set to 11, indicating single-pass opera- 
tion. When performing multiple-pass 
resampling, the user must set this two-bit 
control word pass-by-pass in all IMSs, to 
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KERNEL 


FOV 


implement each pass direction. For instance, 
setting MODE to 00 causes the TMC2302 
system to increment only in the X-direction, 
holding the Y (and Z) addresses constant 
until the end of that pixel walk. On the 
next pass through the image, the user sets 
MODE=01, with the kernel increment in Y 
again through the (U, V) target image 
space, walking kernels only along the Z 
direction. 


Resampling Performed 


X-Pass 
Y-Pass 
Z-Pass 
Two-Dimension Spiral Walk 


01 
10 


Gz 


This parameter determines the size of the 
interpolation walk performed. To implement 
a convolutional sum of K+1 pixels, the 
parameter KERNEL is set to K, up to a 
maximum of 255. In single-pass operation, 
this value must be identical in all devices, 
giving a square interpolation kernel. In 
multiple-pass operation, however, non- 
Square kernels may be implemented, with 
different K values in each dimension. Or, 
the user could utilize a banded memory 
architecture in two-pass mode to access an 
entire row or column of a kernel in one 
clock, completing the entire sum in a single 
pass through the other dimension of the 
kernel. Numeric format is 8-bit unsigned 
integer. 


The user determines the size of each step 
in an interpolation walk, in terms of the 
number of source image pixels, by setting 
the Field Of View control. The binary 
weighting of the image transformation 
parameters and source address must be 
taken into account when determining this 
value. See Jable 6 and the Applications 
Discussion section. The numeric format 
assumed Is unsigned 16-bit integer. 


53 


T™TMC2302 aareww 
vw ZAXNVUY 
Table 2. Control Parameter Registers Binary Format (Row, Column or Page Device] 
Addr Format Limits 
Name Hex MSB | LSB _—_—CODec Hex 
UMIN. 30 git 210 99 98 27 26 25 a4 98 22 gl 29 4095 FFF 
0 000 
UMAX 31 gil 910 99) 98 27 96 695 gf 938 2 29° 4095 FFF 
2 0 000 
UMINI 32 git 210 29) 98 «27 p65 af 98 gk 20 4095 FFF 
. | : 0 000 
UMAXI 33 git 910 99 98 97 96 95 24 93 92 9! 20 4095 FFF 
| 0 000 
VMIN 34 211 910 99 98 97 76 95 94 93 92 91 20 4095 FFF 
0 000 
VMAX 35 gli 210 98 98 97 96 795 24 938 92 91 20 4095 FFF 
i 0 000 
VMINI 36 git 910 99 98 97 76 95 24 93 92 ~~ ol 20 4095 FFF 
0 000 
VMAXI 37 git 910 99 78 97 76 95 24 938 92 Ql 20 4095 FFF 
| 0 000 
WMIN 38 git 910 99) 98 97 96 95 = 894 898 ©6092 20 4095 FFF 
0 000 
WMAX 39 ail 910 99 98 97 76 25 74 93 92 91 20 4095 FFF 
3 0 000 
WMINI 3A gil 910 93 78 97 26 95 2473 092 20 4095 FFF 
| 0 000 
WMAXI 3B git 910 93 98 g/ 96 25 24 938 92 91 20 4095 FFF 
| : 0 000 
XMINL 3C 2!9 214 913 912 911 910 99 98 27 96 95 94 93) 92 Ql 20 0 00000000 
XMINM 3D 231 230 929 928 927 926 225 924 923 522 921 920 919 918 917 916 432_4 — eererrer 
XMAXL 3E 215 214 913 912 911 910 99 98 97 96 95 24 93 92 91 = 90 0 00000000 
XMAXM 3F 237 230 929 928 927 926 925 924 923 922 921 920 719 918 917 916-9821 EFEFFFFF 
PFLS 40 92 71 0 7 7 
0 0 
PTAD 40 22 210 7 7 
0 0 
PDON 40 22 21 = 0 7 7 
0 0 
PEND 40 22 21s 7 7 
, 0 0 
PTVA = 40 2. gl 20 7 7 
| 0 0 
PSVA—s 41 22 91 20 7 7 
0 0 
PTWR 41 22. gl. 20 7 7 
0 0 


Note: Table 1 continues on the following page. 
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Table 2. Control Parameter Registers Binary Format (cont.) 


Addr Format Limits 
Name Hex MSB LSB Dec Hex 
PACC 41 22 gl 2 7 7 
0 0 
XIND 41 XTND 
E3D 4) E3D 
DIM 41 DIM; DIMg 
MODE 41 | MODE, MODE, 
KERNEL 42 7 a ay <r Sy Cn 1 20 255. ~FF 
0 00 
FOV 43 215 gl4  gt3 2t2 all 2l0 98) 98 pf 26 95 gk 82 20 2'6_1 FFFF 
0 0000 
Transformation Parameter Registers 
The Transformation Parameter Word storage register. Polynomial’, in the Applications Discussion section. 


addresses for the X/U device are listed in Table 3, along ? 

with the differential terms for each polynomial coefficient The notation used to define each polynomial coefficient 
for both two and three-dimensional transforms. The term in Jable 3 is easily interpreted. Each differential is 
polynomial terms for the other IMS devicels) are found of course defined by a differential in X, followed by the 
by replacing every “X’’ in the table with a Y (or Z). A corresponding dependent U, V, or W terms. Thus, 


TMC2302-based system can perform image manipu- DXUV is equivalent to d2x /dUdV 
lations of up to third order in two dimensions, and three- and A 9 
dimensional transforms of up to order 1.5 ("‘first-and-a- DXUUUV to d*X/dUedV. 


half order”). Also, see “The Image Transformation 


Table 3. Transformation Polynomial Coefficient Register Addresses 


Coefficient Word Addresses (hex) 


Name | 2D Term | 3D Term | MSW | cSW LSW 
a | om | om |  o | « [0 
C OW ee 08 
oD | mw | | oo | «| 08 
E Po oxy | OE 
F aes ee eae ee eee | r 
: [oxi CMC‘ L!.OOST.TTUYOOCOCTCSY i 
i a 1A 
J 1D 
K DXW 20 
23 
N i CY 23 
o | ow | —~«diYSs—CSACSC“‘(L CYC 
a CA 
Note: The Xg and DXU terms must each be loaded into two different registers when performing 3D transforms. Table 3 shows the binary weighting of all 


of the Transformation Parameter words, which are 48-bit signed fractional binary. 
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Table 4. integer Binary Weighting of Transformation Parameters 


Format Limits 
MSB | LSB | Dec Hex 


MSW _ 94] 946 945 944 943 942 941 940 939 938 931 936 935 934 933 932 948 _ | FFFEFEFEFFFE 
CSW 281 980929 928 927 926 925 924 923 922 921 920 919 918 917 916 
Lsw 2d gl4 913) 912 gil 210 99) 98 97 76 95 24 93 92 91 20 0 000000000000 


Note: A minus sign indicates a sign bit. 


Figure 4a. Timing Diagram, Pixel Clock, Control, and Figure 4b. Timing Diagram, Preload Parameters 


Outputs | | 

PwH | _ Pw | | 
cu xt AAMAS AAAS 
nurs rN wor XXX 4981 KKKXXAAAAKAAKAAAA 


ye ie aes 
OUTPUTS* _ | aa x) 


NOTES: 1. Except OES, OET, and OEK. _ 
2. Assumes OES, OET, and OEK = LOW. All pipeline latency parameters set to 0. 
21247A 


| 


Value "DAT 1"is loaded into.address "ADR 1" on the first rising edge of WR, since ICS = 0. 
Nothing happens on the second rising edge of IWR, when ICS = 1. 


Figure 5. Equivalent Input Circuit Figure 6. Equivalent Output Circuit 


Vop 


n SUBSTRATE n SUBSTRATE 


D1 


CONTROL 
INPUT 


n+ 


D2 
p WELL 


= GND 


= GND | 21119A 21121A 


THREE-STATE 
OUTPUTS 


21249A 


56 TRW LSI Products Inc. 


TMC2302 tw 


Absolute maximum ratings (beyond which the device may be damaged] | 


SSUNPOPDLN WON GS srs cch tsa cch Svs ea ecse ges ad ended ate ao a rvs sven aca nated nce crea cee Decide a nee ae dip tis —0.5 to +7.0V 
PUAPO NUE WUE AGO cesses aceasta fos Arta eaes ete nah cuca tee eae ae dee Sac deeded ustedes asp esi eca cut hel —0.5 to (Vpp+0.5)V 
Output 
FNOTTIITeTS IROL [2 ene ny a SE reece COT At tts eR Ee et SR rT —0.5 to (Vpp + 0.5)V 
Short-circuit duration (single output In HIGH state tO Ground) ou... esescsecsssssesscsesesescstsesesesseseseesceessteseessescecscsceneeans 1 Second 
Temperature 
WORE 2 saeco case xvas dng aude alas ing wad ibd apes tee deka bee beg Pose nataaaanneaaupV Tedder wkaseo cs oes —60 to +130°C 
TREE CLNOMN seth cosets Sancho 1a ula scent Lias Saeco ste (ou Sahat nao Sead ddan ds AR nce eae Sa be heave acest 175°C 
Lead; SOLIEF IG: (1G SOCONUS) sccd cccscvavsccca Sexe apstenils ence iaaenzakese ses esrseseuMCbile haces Std eeoewcavtslossk tan ushecdiade be wereasmleiveroatiatocsteons 300°C 
RS EOI LEY cesses cana desc Gece RN ea avs avs Ra Ase Raa Page a LSE nV Sy cons AD UNS R oln Su Renato URE —65 to +150°C 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 
2. Applied voltage must be current limited to specified range, and measured with respect to GND. 


Operating conditions 


Temperature Range 


Standard 


Vpp Supply Voltage Fd 4.75 } 50 5.25 4.75 | 50 | 525° V 
Vin Input Vorage, Logic WGH PT 20 
tpyH Clock Pulse Width, HIGH Vpp=Min a ee ee Ce ae ae ns 
ty _Tnput Hold Tine AR EE A EA UE SN 
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Electrical characteristics within specified operating conditions ' 


Temperature Range | 
Standard 


Parameter Test Conditions Units 


lppq Supply Current, Quiescent 1 Vpp=Max, Viy=0V 


Ippy Supply Current, Unloaded Vpp = Max, f=20MHz, 
OES = OEK = OET = 5V 


ne Input Current, Logic LOW Vop = Max, Vin = OV = 
NH Input Current, Logic HIGH Vpop = Max, Vin=Vpp 


—_ 
Loum} 
| 
weoch 


l l 
Ro — 
a 
| 
—= ~ — yi — 
fan) (om) [oun] Oo}] © 
z= 
I> 


Voy, Output Voltage, Logic LOW Vop =Min, Io, =Max 
Voy Output Voltage, Logic HIGH Vop=Min, Ioy=Max _ 


<< 


loz, Hi-Z Output Leakage Current, Output LOW | Vpp=Max, Vij =OV 
lozH Hi-Z Output Leakage Current, Output HIGH | Vpp=Max, Vin=Vpp 


log —- Short-Circuit Output Current Vpp = Max, Output HIGH, one pin 


— 
nN oO 
> 
> = ~ 
o ol1o a) 
> 


= 
> 


ya ee 


~~ 
[om] 
3 

> 


to ground, one second duration max. 


| C Input Capacitance - Ta = 25°C, f= 1MHz cis pF 
Co Output Capacitance | Ty = 25°C, f= 1MHz Pe ie es pF 
Note: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 


Switching characteristics within specified operating conditions 


Temperature Range 


a: eee 
Parameter ? Test Conditions it ae ee Units 
tENA Three-State Output Enable Delay’ =| ~Vpp= Min, Cy gap =25pF i ae eee ns 
Note: 1. All transitions are measured at a 1.5V level except for tpis and tena. | | 
Applications Discussion 
The Image Transformation Polynomial 
On any given clock cycle, when performing a two- The polynomial utilized for three-dimensional transforms 
dimensional geometric transformation the addresses IS: 
Pee iee row (X/U) eae a alate by x(u,V,W) = a + bu + ev + kw + Tuv + ivww + luw + juvw 
orward difference accumulation according to the + FOV « CAX(ca} + FOV « u « CAXIKer}, 
following third-order polynomial: 
x(u,v) = a + bu + cu2 + du + ev + fvu + gvu2 + hws where UMINSu<UMAX, VMINSvS<VMAX, 
+ v2 + jveu + kv2u2 + W2u3 + mv3 + nvdu + ovsu2 WMINSwS<WMAX, and the polynomials for the 
+ pv8us + FOV * CAX(ca) + FOV « u « CAX(Ker| column or page devices are obtained by replacing the 
pag y Fep 


x by a y Or z, aS appropriate. 
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The Image Transformation Polynomial (cont.) 
FOV is the 16-bit field-of-view parameter, normally set so We can reform the two-dimensional polynomial as: 
that the spiral walk proceeds in single-pixel steps. FOV igh eh eee ea 
can be increased to expand the step size and thus the aati ay ase ems at aioe ane 
spiral walk, subsampling the image. See /Jable 2 and 
Table 6. Also, CAX(ca} is the current value of the and retain the simpler three-dimensional form: 
coefficient address, and CAX(Ker) is the terminal value of 
each pixel walk in that dimension. See the Interpolation (uv) = a + bu + ev + kw + fuv + ivw + luw + juvw 
Coefficient Lookup Table Addressing. The CAX(Ker] . at . 
term arises because the IRS computes each new waik's 2M¢ Celine each of the polynomial coefiicients in 
starting point from the previous spiral walk’s end point, arithmetic terms, as shown in Table 5. 
rather than its starting point. 
Table 5. Transformation Polynomial Coefficients 
Parameter 
Three-Dimensional 

Name Coefficient 

A a 

a 

C ce 0 

D er aa (a nee ee cee 0 

E DXV DXV e 

F 

6 a 

H b 

1 i 

; 

K k 

L | 

M es SONU OM ase el 0 

N ce: 0 

0 SO es 0 


Understanding The Polynomial Coefficients 
An Overview 


As the formulae indicate, the source address is a 
polynomial function of the two (or three} dimensions of 
the target address. Each of the 16 terms of the equation 
Is of the form: 


qm +f + Py 


du™ dv" dwP, 


and may be treated approximately as a mixed partial 
difference of order m, n, and p. 
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The simplest term, Xg, is a zeroeth (non-) function of the 
target addresses; it specifies the source address point 
corresponding to the upper left point in the target space. 


The next-simplest terms, dX/dU and dY/dV, govern the 
relative scales of the source and target images, |.e., how 
large a step in Source space corresponds to a unit step 
in the corresponding direction in the target space. As 
long as the cross-terms, dX/dV and dY/dU, are zero, this 
is a straight scale operation, without rotation or shear. 


Gu 


TMC2302 


ar 


Understanding the Polynomial Coefficients (cont.) 


The first-order cross terms, dX/dV and dY/dU, generate 
source space displacements perpendicular to unit dis- 
placements in the target space, thereby causing shearing 
of the image. In conjunction with the parallel source 
terms described above, they govern rotation, shear, and 
scaling of the image. 


Although the actions of the higher-order terms become 
progressively difficult to describe, all terms behave 
essentially as partial differences of various orders, and a 
little thought and common sense will generally lead the 
user to the proper conclusions. For example, the term 
dXUU (using the notation of Table 3) is a horizontal 
scale factor which increases as one progresses across 
each row, causing a quadratic horizontal warp. In fact, all 
terms of the form dmX/dUm or dnY/dVn cause only 


Stretching of the image, never rotation. 


Interpolation Coefficient Lookup Table Addressing 


The external coefficient lookup table RAM stores the 
interpolation coefficient values used to calculate the 
value of the new pixel. These values are selected by the 
user, allowing maximum filtering flexibility. In simple 
filtering applications, the source and target pixel 
addresses map one-to-one, and only one interpolation 
coefficient set is required. These integer addresses are 
generated for each dimension by the nie walk 
counters of each TMC2302. 


However, applications performing a coordinate transfor- 
mation will almost always generate non-integer source 
pixel addresses; that is, the U (or V} locations will not 
map to the X {or Y) addresses exactly, and fractional 
source address components are generated. The user 
must then expand the interpolation coefficient lookup 
table to include spatially-corrected values, as determined 
by the subpixel resolution of the system. 


The TMC2301 Image Resampling Sequencer allows the 
user to trade subpixel resolution against interpolation 
step size by obtaining the interpolation coefficient 
addresses directly from the fractional part of the source 
address. The TMC2302 gives the user 16 different 
interpolation bit weighting positions. The complete 
Interpolation Coefficient Address for that dimension then 
consists of both the 8-bit interpolation walk address 
KADR7-9, weighted to match the source address binary 
point by the parameter FOV, and the fractional portion of 
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the source pixel address SADR73-9, to the desired 
subpixel resolution. See Jable 6. 


Internal and External Data Formats 


The source address value output by the TMC2302 is a ~ 
24-bit two's complement number, with binary point 
assignable by the user anywhere in the 16 lower bits. 
The Extended mode appends 12 additional fractional bits © 
for greater output precision. All internal computations 
include these 24 plus 12 bits, plus an additional 12 
lower bits, for 48-bit precision. See Table 6. 


Internally, each TMC2302's source address (X, Y, or Z) 
generator computes a 48-bit address through a mode- 
specific accumulation of the sixteen 48-bit user-specified 
resampling parameters. The 24 most significant bits of 


the final accumulation emerge via the source address 


port, whereas the “extend” mode makes the 12 next- 
most-significant bits available at the target address port. 
The 12 least significant bits are truncated internally. 


Source Address Bit Weighting and Setting the 
Binary Point 


When performing nearest-neighbor resampling, the user 
may arbitrarily trade source image size against subpixel 
resolution merely by adhering to a single binary point 
position for all resampling parameters. For example, if the 
binary point follows the 16 most significant bits in each 
resampling parameter, then it will appear following the 
source address’ 16 most significant bits, leaving 8 (20 in 
extended mode) bits of subpixel resolution. 


In any filtering or resampling operation performing an 
interpolation walk, the user should set the Field of View 
(FOV) parameter according to the desired: binary point 
position determined above, as follows. To provide 224 - 
integral pixel positions per dimension, with no subpixel 
resolution, set FOV=0001 (hex). For 228 positions with 
1-bit (0.5) subpixel resolution, FOV=0010 (hex). Similarly, 
for 23 positions and 15-bit subpixel resolution, 
FOV=8000 (hex). As shown in Jable 6, using the 
parameter FOV the user effectively “‘shifts’’ the bit 
weight of the coefficient address word KADR7.9 to 
match the established location of his source address 
binary point. In each case, the EXTEND mode provides 
12 additional bits of subpixel resolution but eliminates 
the separate target or raster address, which must then 
be generated elsewhere in the user's system. 
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Table 6. Relative Bit Weighting — Source Address 


Transform 


Parameters —47 46 0 
Internal Source 
Address Generator —-47 46 0 
Source Address 
Output SADR. 6 — 92 2? 1f os 
Extended Mode Only 
KADR7_ | 

FOV = 0001 

FOV = 0002 

FOV = 8000 ag 
Note: A minus sign indicates a sign bit. 
Utilization of the Image Boundary Flags SVAL and 
TVAL 
As mentioned above, the TMC2302 provides two Not to be confused with (Xg, Yo), the points (XMIN, 
programmable valid address, or boundary flags. The YMIN) and (XMAX, YMAX) define the “usable” rectan- 
source valid flag SVAL is asserted when the current gular portion of the original image which is indicated 
source image address output for that device's source by the valid address flag SVAL; points (X, Y) lying 
image dimension is within the space defined by the outside this region are ignored in most resampling and 


configuration parameters XMIN and XMAX, or YMIN filtering applications. Specifically, the point (Xg, Yo) 's 
and YMAX, or ZMIN and ZMAX, as appropriate. Also, the location from which the TMC2302 system begins 
the target valid flag TVAL is available to indicate when — the image resampling sequence. Every step beyond that 
the current target image address values fall within the point in the source image space Is defined by the 
Space defined by the configuration parameters UMINI, address generators implementing the image transfor- 
UMAXI, VMINI, VMAXI, and also WMINI and WMAXI mation polynomials. 

in three-dimensional systems. Note that all of these 


parameters are each programmed into each individual The valid source address flag feature permits one to 
TMC2302. Thus, the user could define two (or three) construct a mosaic of several abutting subimages in the 
different working spaces, one indicated by each IMS (X, Y) plane, without danger of edge effect interference 
device. between adjacent subimages. Note in the figure that the 
upper right corner of the resampled source image lies 
Figure 8 may help clarify the relationships among (Xg, outside the admissible region; in practice, the values 
Yo, Zg), (UMIN, VMIN, WMIN)}, and (UMAX, VMAX, fetched at these locations will not be included in the 
WMAX), for the two-dimensional case. With positive convolutional sums. One might, for instance, program 


first derivatives, (Xg, Yo) and (UMIN, VMIN) represent these boundary values to alert the system that an edge 
the upper left corners of the original image and the new is being approached and to modify the interpolation 
destination field, respectively. The lower right corner of — coefficients appropriately, or simply to ignore pixel values 
the new transformed image is located at (UMAX, outside the defined space. 

VMAX}; the location of the corresponding corner of the 

Original image depends on the values of the derivatives. 
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Utilization of the Image ee Flags SVAL and 
TVAL (cont.) 


The flag TVAL however is utilized somewhat differently. each TMC2302 to indicate unique regions anywhere 
Working in unison with the target address working space within the target image. With this flexibility, the user can 
defined by UMIN/UMAX, etc, the target address valid generate windows, composite multiple images, or simply . 
flag could be programmed to delineate image areas switch to a background image or border color. 

other than the immediate working space, and the flag of 


Figure 8. Pixel Maps Demonstrating Source and Destination Image Boundaries, Violation Flags, and Image 
Clipping (Note Shaded Areas) 


(UMAX, VMAX) 


SOURCE IMAGE SPACE TARGET IMAGE SPACE 21250A 


Ordering Information 


Product 
Number 


TMC2302H5C | 
TMC2302H5C1 | 


Package 
Marking 


2302H5C 
2302H5C1 


STD—-Tpj=0°C to 70°C Commercial, 30MHz 120 Pin Plastic PGA 
STD —Tyj=0°C to 70°C Commercial, 40MHz 120 Pin Plastic PGA 


Note: 1. Consult factory for availability. 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 


62 TRW LSI Products Inc. 


Transform Products arty 


Transform products perform complex conversions from one signal space to another. The high level of 7 
integration in TRW products yields very efficient, cost-effective implementations of the basic signal 
processing functions. 


The Fast Fourier Transform is a basic tool in time/frequency domain processing. The TMC2310 
executes a 1K point 16-bit FFT in 514ys (16 points in 4ys). 


The Fast Cosine Transform is the key functional element in image compression. The TMC2311 operates 
on 12-bit data at a 15 MegaPixel/s rate. 


The TMC2330 is tailored to convert data in polar coordinate space to rectangular space, or vice-versa, 
at rates of 25 million operations per second. 
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Clock 
Rate | Power | 
Product Description Size (MHz) (Watts) Package Grades 2 Notes Page 
TMC2310-1 = Fast Fourier Transform _16-Bit 20 0.75 G5 89 Pin PGA V 1024 Point Complex FFT in F3 
a ; L4,L6 100 Lead LCC V 514us with 19-Bit Internal 
- 20 © 0.75 H7 89 Pin PPGA C Precision and Block 
15 0.75 G5 89 Pin PGA V Floating-Point Rescaling. 
L4,L6 100 Lead LCC V 
TMC2311-2 Fast Cosine Transform = 12-Bit 17.8 0.7 R1 68 Lead PLCC C Data Compression Processor. — F47 
-1 14.5 0.7 R1 68 Lead PLCC C Meets CCITT Specifications. 
- 17.8 0.7 R1 68 Lead PLCC C + 8x8, 2-Dimension. — 
TMC2330-1 Coordinate Transformer 16x 16 Bit 25 0.7 H5 121 Pin PPGA C Cartesian <> Polar Converter. F65 
. L5 132 Lead CERQUAD V 
- 20 0.7 H5 121 Pin PPGA G 
L5 132 Lead CERQUAD sé 


Notes: 1. Guaranteed. See product specifications for test conditions. 


2. C=Commercial, Ty=0°C to 70°C. 
V=MIL-STD-883 Compliant, Te = —55°C to 125°C 
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FFT Processor 
16/19-Bit, 2OMHz 


The TMC2310 is an advanced integrated circuit which is 
capable of executing complex Fast Fourier Transforms 
EPL poaorWwatun on ANVOISe.Gr Ub-16. (O24 noinis witicor 
without data windowing. The device operates with either 
unconditional or conditional overflow block floating-point, 
rescaling. Adaptive and static Finite Impulse Response 
filtering, real and complex multiplication or multiply- 
accumulation, and magnitude squared operations are also 
supported. Sinusoidal coefficients (“Roots of Unity’’) for 
Fourier Transforms are provided in a Coefficient Look-Up 
Table in on-chip ROM. At the maximum clock rate of 
Z0MH#z, the device will execute radix-2 butterflies in 
100ns, and 1024-point complex transforms (5120 
butterflies) in 514ySec. 


The TMC2310 provides the arithmetic, control, coefficient 
memory and address generation logic for a variety of 
signal processing and vector algorithms. External memory 
is used for storage of complex data and window or filter 
coefficients. Each data port is bidirectional and the 
device can be used with one or two banks of memory 
for either in-place or bank switched memory configura- 
tions allowing the user to overlap |1/O operations with 
arithmetic execution. All functions utilize the same basic 
system architecture, ensuring maximum flexibility. 


The control structure has been designed to simplify Its 
use as a high-speed arithmetic accelerator. The device 
is programmed by initializing two internal configuration 
registers to set device parameters such as function, 
transform length, data addressing modes, single or bank 
Switching memory architecture, and other options. Once 
initialized, the device generates data addresses and 
control for external memory, transfers data, executes the 
algorithm, and provides a DONE flag to indicate 
completion. 


Built with TRW’s one-micron, OMICRON-C™ CMOS 
process, the TMC2310 is available in 89 pin plastic and 
88 pin ceramic pin grid arrays and a 100 leaded ceramic 
chip carrier. 


Features 


e Stand Alone Execution Of Forward Or Inverse Complex 
Fast Fourier Transforms, Adaptive And Non-Adaptive 
FIR Filtering, Multiplication Or Multiplication- 
Accumulation (Real Or Complex) Magnitude Squared 

e Fast 1UUns Per Butterfly Yields A ZMHz fo 4MHz 
Sampling Rate In Single-Device Systems (16-Point 
FFT In 4uSec, 1024-Point In 514ySec} 

e Pipelined Addressing Mode And Internal Data Storage 
To Reduce Memory Bandwidth 

e Multiple-Transform Array Mode To Increase 
Throughput 

e Qn-Chip ROM Coefficient Look-Up Table For FFT 
Coefficients (“Twiddle Factors’’} 

e 16-Bit Fixed-Point Data Format With 19-Bit 
Intermediate And Final Results For Improved Precision 


e Conditional Overflow Rescaling Or Manual Scaling 
(Block Floating-Point) For High Signal-lo-Noise 
Performance 


Scaler (Block Exponent) Output 
e User-Programmable Window Functions 


e Complete On-Chip Address Generation And Control 
For Off-Chip Data And Window/(FIR) Coefficient 
Memory | 
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Applications 

e Radar | | e Spectral Decomposition/Analysis 

e Sonar | e Frequency — Multiplex Demodulation 

e Digital Communications | e Adaptive Filtering And Equalization 

e High-Speed Modems. : e Pulse And Image Compression 

e Image Processing, Graphics e Frequency And Time Domain Digital Filtering 
e Jest Instrumentation - e High — Speed Complex Multiplication 


© Medical Electronics 


Functional Block Diagram 
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Pin Assignments — 88 Pin Ceramic (G5) or 89 Pin Plastic (H7) Pin Grid Array 


Pin | Name _| rin | Name | Pin | Nome | Pin | Name 
GND N2 GND M13} GND 


- RE, BEOOOOOOOOHOOOO 
c2 | CMDy B11 | RE, 2ZEOOQOOOOOOOOOOOO 
C1 | CMD, All | RE» 19 © © © © 
D2 | DONE B10 | REg 10 f © © © © 
D1 | RAMSEL A10 | GND 97 © © © oO 
E2 RD B9 | RE, 81 © © © © 
E1 | WR AQ | REs 7160 ae © © 
F2 | CLK B8 | RE, 61 o 6 6 © 
FI | ADg A8 | REy i oe ae 
G1 | GND A7 | REg 
G2 | GND B7 | GND 4,20 © © 
H1 | Vpp A6 | Vop 39 © © O<—_ Key © © 
H2 | Vpp Bé | REg 210200000 OOOO00O00 
si | AD; AS | REI 1L©OCOOCOHOHOHOOOHOOO 
J2 | ADs B5 | RE}, 

KI | AD3 A4 | REq9 ABCDEFGHJKLMN 
K2 | AD, B4 | REy3 
Lt | ADs A3 | REq4 
L2 | ADg B3 | REy5 
M1 | AD, A2 | REq6 
N1 | ADg Al | REy7 
M2 | ADg B2 | RE1g 


C3 Index Pin (H7 packge only) 


Pin Assignments 
100 Leaded Ceramic Chip Carrier, L4 Package 


we Saker © 51 75 
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Figure 1. Basic TMC2310 System | 
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Figure 2. TMC2310 with Dual— Port Memory 
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Functional Description 


General Information 


The TMC2310 performs radix—2, Decimation In Time 
(DIT) Fast Fourier Transforms. It accepts 16 —bit input 
data and maintains 19—bit intermediate results, with 
either automatic pass —by—pass or unconditional data 
rescaling (block floating-point). The 19—bit (RE, IM) 
data buses will accommodate up to three bits of word 
growth per data pass. Incoming data Is rescaled to 
16—bit, two's complement fractions on subsequent 
passes based on the maximum overflow detected during 
the previous pass (auto scale) or under user control 
(manual scale). To reduce memory bandwidth require — 
ments (number of passes), the device performs radix — 2 
butterflies in sets of four (radix—4 addressing). A ‘pass’ 
is defined as one arithmetic operation performed on the 
entire data array. Therefore, a butterfly operation Is 
considered to be one data pass. Fourier Transforms 
require multiple data passes with external memory used 
for storage of intermediate and final results. All other 
(non—FFT} operations are completed in one pass. 


As shown in Figures 1 and 2, a system can be con— 
figured with either single or multi—port RAM, a window 
coefficient RAM/ROM, and very little additional hardware 
(see Applications Section). Multi— port memory simplifies 
the system interface, while use of a banked memory 
architecture (Figure 2) allows I/O operations to be 
overlapped with data processing, maximizing system 
performance. The internal sequencing and control logic 
allows the device to operate with minimal support from 
the host system. External control consists of the pro— 
gramming of two internal configuration registers and a 
START, LOAD or RESET command. System performance Is 
limited by either the maximum system clock rate or the 
memory access time. The architecture and sequencing of 
the TMC2310 are designed to minimize the number of 
wasted clock cycles between passes, ensuring that each 
butterfly can be executed in two clock cycles. 


The TMC2310 also supports the use of window functions 
for Fourier transforms. In order to perform windowing 
the user need only provide a set of coefficients in 
external ROM or RAM and program the device 
accordingly. Window functions are applied to (multiplied 
by) the input data during the first data pass. Typical 
configurations utilize a 1K x 17 (x16 for positive 
coefficients) block of RAM or ROM on the dedicated 
window memory bus. For additional information regarding 
window functions consult reference [1]. 
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The TMC2310 also performs in—place, memory based 
Finite Impulse Response (FIR) filtering. This function 
utilizes the external window port memory for storage of 
filter coefficients. Fixed coefficient and adaptive FIR filters 
can be implemented with 16 to 1024 coefficients (taps). 
Time domain filtering is accomplished with a memory 
based shift register technique in which the accumulated 
sum of products is determined (convolution of filter 
coefficients with stored data samples). Adaptive filtering 
allows real—time updates to filter coefficients by a 
dynamic update value. 


Real and Complex vector arithmetic functions include 
multiplication, multiply — accumulation, and magnitude 
Squared (I¢ + 02). By combining functions a variety of 
signal processing algorithms can be performed including 
frequency domain filtering, signal analysis and signal 
synthesis. 


A multiple—transform array mode offers multiple 
equal—length transform capability. Any number of 
equal—length transforms may be selected up to a 
maximum of 1024 points. For example, the user may 
execute 16 contiguous 64—point transforms, reducing 
the computation overhead associated with starting and 
executing, single transforms. The window coefficients may 
be identical or unique to each transform. Scaling Is 
performed on all points of all transforms equally, based 
on the maximum overflow of the previous data pass or 
by the user specified value. 


At the end of the transform, the user may read the 
19—bit data output and the 6—bit scaling factor (“block 
exponent’) generated by the internal shift/rescale 
circuitry. The 4—bit “Total Scaler’ value indicates the 
number of shifts performed on the data (block exponent} 
while the remaining 2 bits indicate the overflow 
encountered during the final data pass. Nineteen bits are 
used for intermediate results in order to minimize 
roundoff error during transforms. Provisions have been 
made, however, to allow the use of 16—bit wide 
memory systems. This can reduce memory component 
count but may increase roundoff error (arithmetic noise}. 


The TMC2310 consists of five major sections: two 
arithmetic elements, external memory interface, control 
logic and coefficient ROM. 


Gu 


TMC2310 
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Arithmetic Elements (AEs) 


Each AE consists of an array multiplier, adders/ 
accumulators and data storage. The AEs interface to 
external data and window memory, as well as internal 
coefficient ROM. Communication between AEs allow the 
device to perform complex arithmetic operations. In order 
to minimize arithmetic error, each AE retains maximum 
precision until the output stage where data is rounded to 
19 bits (Real and Imaginary). The bidirectional data buses 
transfer data between the AE and external memory. 
19—bit input values are shifted at the input to the 
multiplier array. This shift is either automatic (FFT auto 
scale modes} or user controlled (manual scale). On the 
first pass, when the upper three bits contain significant 
data, the user must right shift the input data using 
manual scaling, otherwise truncation of the Most 
Significant Bits (MSBs) will occur. 


External Memory Interface 


The TMC2310 provides all the necessary addressing and 
control for external memory. Read and write addresses 
are provided as well as contro! outputs for write strobes, 
read enables and a source/destination RAM select for 
multiple memory bank systems. The single, 10—bit 
address output is multiplexed for read and write, 
operations. The sequence is determined by the selected 
function as well as other user specified options. 


The sequence may be specified as bit—reversed or | 
sequential for FFI/IFFT operations. The selected sequence 
has no effect on execution time, however, it does affect 
the ordering of input data and whether additional 
memory is required (scratch pad). The device supports a 
special ‘pipelined’ addressing mode for all operations. 
Under normal addressing, the address and controls are 
output during the same clock period as the data. In the 
pipelined mode, address and controls are output one 
clock cycle prior to the data, providing added flexibility in 
the host system interface as well as reducing memory 
speed requirements (See Timing and Applications). 


Coefficient ROM 


An internal ROM is included as a coefficient look—up 
table to the AEs. The ROM supplies the sinusoidal 
coefficients (‘Roots of Unity’) required for forward and 
inverse FFIs. The ROM is accessed under internal control 
and outputs data to the arithmetic elements during FFT 
passes (Sine and Cosine values). The ROM contains 
coefficients to support transforms of up to 1K (1024) 
data points. 


Control | 


The control section configures the data paths and 
provides internal sequencing. The device operation is 
defined by two internal configuration registers. Once the 
function has been ‘’STARTed’, the device performs all 
sequencing and activates the DONE flag upon 
completion. 
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Signal Definitions 
Power 


Vpp, GND The TMC2310 operates from a single +5V 
supply. All power and ground lines must be 
connected. 


Cleck 


CLK The TMC2310 operates from a single 
system clock. All internal and external 
Operations are referenced to the rising 


edge of CLK. 


Data Buses 


REjg_g  RE-—Bus Is a bidirectional data bus for 
“Real” data. This bus is time multiplexed 
for reads and writes. When the device Is 
Idle, this bus is in the high-impedance 
state. REg is the Least Significant Bit (LSB). 
RE15 3 is also used to load the internal 
configuration registers. Data placed on the 
bus is clocked into a configuration register 
during a LOAD command. Registers may 
also be programmed by storing configur — 
ation data in address 0 of the Real data 
memory. A LOAD command causes a read 
operation with the address bus set to 
address 0. | 


IM—Bus is a bidirectional data bus for 
“Imaginary’’ data. This bus is time multi—_ 
plexed for reads and writes. When the 
device Is idle, this bus is in the high— 
impedance state. IMg is the LSB. 


IMig—0 


The W—Bus is used to input the 17—bit 
window and FIR Filter coefficients. W5 9 
is also used as an output to access the 
block exponent and last pass overflow. 


W16—0 
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Data Buses (cont.) 


W16-0 
(cont.) 


The scaler exponent (W3_q) Indicates the 
number of shifts performed on the data for 
multiple pass transforms while Ws_q indi- 
cates the overflow (in bits} that occurred 
during the previous pass. W5_4 Indicates 
how many, if any, of the three MSBs 
(RE19-16, IM79-76) of the final results 
contain significant data (i.e. bits which are 
not an extension of the sign). 


Control Inputs 


CMD1_9 


CMD1_9 
00 


01 


10 


Command 


RESET 


START 


The registered CoMmanD input is used to 
RESET the device, LOAD configuration reg- 
isters, and START an operation. Commands 
are issued by placing a valid command on 
the input for one (or more} clock cycle(s} 
then returning to the CONT command. The 
input should normally remain in the inactive 
(CONT) state. The operation of each com- 
mand is as follows: 


Operation 


If RESET is held for at least 4 clock cycles, 
the DONE flag, WR, RAMSEL are set HIGH. 
The Address bus (ADg_g), data buses 

RE19. 9, IM49.9 and W 16-0 are set to high- 
impedance state, and the RD output is LOW. 
A RESET command held for only one cycle 
does not reset the chip, but causes the last 
pass scaler (Ws_4) to be added to the 
current scaler exponent (W3_9). RESET held | 
for more than one cycle will clear the scaler 
exponent field (Ws5_p). 


LOAD ADo.o is activated and a read is performed 


with the address set to zero. If LOAD is 
followed by a CONT then the device will be 
put into a RESET state. 


START causes the device to begin an oper- 
ation. The START command must be valid 
for at least one clock cycle, but not longer 
than 4 clock cycles. After two start-up 
cycles, the DONE flag is set LOW and the 
data and address buses become active. 
Upon completion of the operation, WR, and 
DONE are HIGH, RD is LOW, ADg_g, REj9-9 
and IMy9_9 are in high-impedance, and 
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SCEN 


arty 


Operation 


execution suspended until the next com- 
mand. The state of the RAMSEL pin is 
dependent on the mode determined in 
Configuration Register 2. The START 
command clears the current contents of the 
scaler exponent (W3 9). 


CONT CONTinue is the inactive state for the com- 


mand input. It has no internal effect. After a 
command has been issued, the CMD input 
should be set to this state. Following a 
START, the CMD input must be set to CONT 
for the operation to complete properly. If the 
previous command was a RESET or LOAD 
then the device remains in RESET. 


The SCaler output ENable is used to read 
the block exponent and last pass overflow. 
When SCEN is HIGH, the six LSBs of the 
W-Bus are enabled and consist of the data 
block (scaler) exponent (W3_p) and the last 
pass overflow (W5.4). When SCEN is LOW, 
the W-Bus Is in high-impedance and acts 
as an input. At the end of an operation, 
the scaler exponent will show the total 
number of right-shifts performed on the 
data array (both from manual and auto 
scaling}, and the last pass scaler (Ws_a) 
will give the overflow occurring during the 
last pass through the data. 


Control Outputs. 


AUg-( 


The 10-bit ADdress output provides mem- 
ory addressing for the data and window 
memories. The device supports sequential 
and bit-reversed addressing for FFTs, FIR 
data shift addressing, and multiple trans- 
form addressing for both read and write 
operations. Under normal conditions, the 
memory address is output on the same 
clock cycle as the read or write operation. 
Selecting pipelined addressing causes the 
address, RD and RAMSEL to appear one 
clock cycle prior to the read/write data. 


WRite is an active LOW pulse used to 
strobe data into the external data memory. 


Ge 
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Control Outputs (cont.) 


WR The address and control outputs are guar- 
(cont.) anteed to be valid before WR is LOW and 
after WR goes HIGH. 


RD ReaD can be used to control the output 
enables of external memory. It indicates the 
direction of the RE and IM data buses. DONE 
When LOW, the TMC2310 is performing a 
read (input) operation, and a HIGH indicates 
a write (outputs enabled) operation. When 
the DONE output flag is HIGH, RD is set 
LOW. 


RAMSEL The RAM SELect output is used to bank 
select external memory and to identify the 
location of the initial and final results. Its 
Operation is determined by setting a 2-bit 
parameter in Configuration Register 2. It 


can be used to select between physically 
separate memories or as an additional 
address line in paged memory systems. 
Detailed operation of RAMSEL Is given in 
Tables 3, 4, 5 and 6. 


The DONE flag goes LOW after an oper- 
ation is “STARTed” and remains LOW unt! 
it is complete. One cycle after DONE goes 
HIGH, the device is idle and final results 
are available in external memory. DONE= 
HIGH also indicates that the chip's data (RE 
and IM) and address (ADg_9) bus drivers 
are in the high-impedance state, WR is 
inactive (HIGH), and RD is LOW. DONE can 
be used as a host interrupt as well as a 
control line to allow host system access to 
data memory and results. 


Package Interconnections 


Type Name G5, H7 Package Pins L4 Package Pins 
64, 76, 88, 97, 100 
GND Ground B1, G1, G2, N2, M7, M13, 1, 10, 11, 24, 25, 27, 37, 
ews G12, B12, A10, B7 50, 52, 63, 69, 75, 81, 87 


Data RE, 8-0 


Data Bus (Real) 


IM13-9 Data Bus (Imaginary) 


Window/Coefficient Bus 


= 
Td 
> 
oS 


B2, Al, A2, B3, A3, B4, A4, 99, 98, 96, 95, 94, 93, 92, 
B5, A5, B6, A7, A8, B8, Ag, 91, 90, 89, 86, 85, 84, 83, 
B9, B10, All, B11, A12 82, 80, 79, 78, 77 

M3, N3, M4, N4, M5, N5, M6, 28, 29, 30, 31, 32, 33, 34, 
N6, N7, M8, N9, M9, N10, M10, 35, 36, 39, 40, 41, 42, 43, 
N11, M11, N12, N13, M12 45, 46, 47, 48, 49 

A13, B13, C12, C13, D12, D13, E12, 74, 73, 72, 71, 70, 68, 67, 
E13, F12, G13, H13, H12, J13, J12, 66, 65, 62, 61, 60, 59, 57, 
K13, K12, L13 56, 55, 54 


Controls : Command Inputs C1, C2 3, 2 
SCEN Scaler Exponent Enable 53 


RAMSEL 


WR Write Strobe Output 


Flags DONE 
No Connect NC 


[indo Pin 


qd 
5 S 
[ox] 
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ADo.9 Address Bus Output M2, N1, M1, L2, L1, 23, 22, 21, 20, 18, 
ae | K2, K1, J2 J1, F1 17, 16, 15, 14, 9 
5 


19, 58 
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Device Operation 


Upon power-up of the device, the user should 
immediately issue a RESET command (CMD;_9 = 00), 
forcing the device into a “DONE” state. A RESET must 
be performed prior to any attempt to initialize internal 
configuration registers. Following the RESET, the DONE 
flag is HIGH and the address and data (RE, IM and W} 
buses are set to high—impedance. 


Prior tO performing any operation, the user must initialize 
and configure the device by programming two internal 
configuration registers (CR1, CR2). There are two 
methods of initializing the registers. Data may be stored 
in external memory, address location “0” or it may be 
placed directly on the RE—Bus (REy5_ 3). A LOAD 
command (CMD1_9 = 01) causes a read on the 
RE—Bus with ADg_g = 0. Data read from memory {or 
directly from the bus} is stored into the configuration 
register selected by bit 15 of the data word. A minimum 
of two load commands are required to input the two 
words, CR1 and CR2. 


The configuration registers define the function to be 
performed as well as other operating parameters. Once 
programmed, device operation is controlled by the 
two—bit command control (CMD 1_ 9). Commands are 
used to begin or suspend operations, and to load 
configuration registers. Operations may be repeated 
(under the same conditions) without reloading the 
configuration registers by issuing additional START 
commanas. If the RESET command has been applied 
after the configuration registers have been loaded, 
however, it may be necessary to reload Configuration 
Register 2. RESET will clear bits 3, 4 and 5 of CR2 and 
the internal SCaler ENable (SCEN) register. 


Once the input data has been stored in external memory 
(beginning at address Q) and the configuration registers 
initialized, device operation begins following a START 
command. After the START command has been initiated, 
the command input must be set to CONT 

(CMD1_9 = 11} within 4 clock cycles for proper 
operation. During execution, the device takes control of 
the local data memory bus, enables the address output 
bus and generates external memory control. The DONE 
flag will be set HIGH to indicate that the TMC2310 has 
completed its operation and final results are available in 
memory. 


All intermediate and final results are stored in external 
memory in 19—bit, two's complement format. Upon 
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completion of the operation, the SCaler ENable input 
(SCEN) can be used to read the last pass overflow and 
the scaler exponent. The last pass overflow (W5 _ 4] 
indicates the word growth that occurred during execution 
of single pass operations or, during the final butterfly 
pass of a transform. The 4—bit scaler exponent (W3_ 9) 
indicates the number of right—shifts performed on the 
data array during a multiple pass transform (common 
data exponent). At the end of an operation, tne nost 
system must read the scaler exponent prior to a RESET 
command. Failure to do so will result in an incorrect 
scaler exponent value. A RESET command applied for 
one clock cycle will allow the last pass overflow to be 
added to the current value of the scaler exponent. 
RESET held for more than one clock cycle will clear the 
scaler exponent field (Ws5_ 9). Immediately after a 
START command, the scaler exponent will be initialized. 


Configuration Register 1 (CR1) 


Configuration Register 1 defines the operation, transform 
length, FFT addressing sequence, and scaling modes. 


Function Codes 


Table 1 indicates the input and output values for each 
function. The RE and IM buses are multiplexed for reads 
and writes while the W—Bus is used for input only. 
W-Bus(1} and W -Bus(2) indicate the input for first and 
second cycle read on the W-—Bus, respectively. To input 
two words, the read address for both W—Bus operands 
is available during the first (read) cycle. It may be 
necessary for the user to register the address or data 
externally for proper synchronization (see Applications 
section). 


In general, single pass operations (MPY, MAC, MAGSQ) 
read data from memory and output results to the same 
address, overwriting the original input data. If the input 
data are to be saved, use of the RAMSEL allows results 
be output to a separate result memory or directly to the 
host system. All data should be stored in external 
memory begining at address 0. The TMC2310 begins all 
operations at address 0. 


Table 1 includes operations designated as “2—Re™ (2 
Real}, “R/I’ (Real/Imaginary), and ‘‘Cmplx’’ (Complex). 


The distinction is as follows: 
2—Re These operations involve only a single data 
word from the W—Bus. The data word 
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Function Codes (continued) 


Input in the W—Bus is applied to the data terms are evaluated. 
input on both the RE and IM data buses. 7 
| ws Cmplx §—__—s*These operations involve two W-Bus 
R/| These operations involve two values input operands, interpreted as a complex data 
from the W—Bus with the first W—Bus | value. The function involves a complex 
operand applied to the RE data and the -. operation including cross terms. 


second applied to the IM data. No cross 


Table 1. Function Codes vs. Bus Function 


Outputs 


ca Re—Bus |iM—Bus| W—Bust| W-Busi2) | _RE-Bus_ | IM ~Bus 


0000. | IFFT No—Window R - Complex IFFT Results. 

0001 | MPY-ACC 2-Re R - > RW > IW 

0010 | MPY—ACC R/I R >) RW, x IW 

0011 | MPY—ACC Cmplx R uo RWp — IW; x IWp + © RW; 
0100 | MAGSO R [R2 + 14]/2 RE + 12/2. 
0101 | MPY 2-—Re R RW IW 

0110 | MPY R/I R RW, IW 

0111 | MPY Cmplx R RWp — IW, IWp + RW, 
1000 | FFT No—Window R | Complex FFT Results 

1001 | FIR 2—Re R & RyW, LD lyWh 

1010 | FIR R/| | R u RmaWin , | = ImWon 

1011 | FIR Adaptive | R u Rees C(t —o| 
1100 | FFT Re—Window R Complex FFT Results 

1101 | IFFT Re—Window R Complex IFFT Results 

1110 | Cmplx MPY + FFT R Complex FFT Results 

1111 | Cmplx MPY + IFFT R Complex IFFT Results 
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Configuration Register 1 (CR1) Format 
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OOOOH ROR E ORO 


I 


1 


000 
001 
010 
011 

100 
101. 
110 
111 


0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 


0 
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BIT NUMBER 


Not Used (Don’t Care) 


Manual Scale Factor 


00 Shift 0 Bits 
01 Shift 1 Bit 
10 Shift 2 Bits 
11 Shift 3 Bits 
Scaling Mode 
0 Auto Scale (Manual On First Pass) 


Manual Scale (All Passes) 


FFT Addressing Sequence 


No Bit—Reverse (In—Place FFT) 

Bit ~~ Reverse On First Pass Read 

Bit— Reverse On Last Pass Write 

Bit— Reverse On First Pass Read 
And Last Pass Write 


Single Transform Length 


Undefined 
16 Points 
32 Points 
64 Points 

128 Points: 
256 Points 
512 Points 
1024 Points 


Function Code 


IFFT No Window 

Multiply —Accumulate 2 Real Inputs 
Multiply —-Accumulate RE/IM Inputs 
Multiply — Accumulate Complex Input 
Magnitude Squared 

Multiply 2 Real Inputs 

Multiply RE/IM Inputs 

Multiply Complex 

FFT No Window 

FIR Filter, 2 Real Inputs 

FIR Filter, Dual RE/IM Inputs 

FIR Adaptive 

FFT Real Window 

IFFT Real Window 

Complex Multiply + FFT 

Complex Multiply + IFFT 


Configuration Register Select Bit 


Configuration Register 1 (CR1) 


Not Used (Don't Care) 
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CR1[14:11] 


0000 


0001 


0010 


0011 


14 


IFFT No Windowing. A complex Inverse 
Fast Fourier Transform is performed on data 
stored in external memory. No windowing 
is performed (rectangular window} during 
the IFFT and the W—Bus is unused. The 
memory addressing sequence and the 


transform length are determined by other 


parameters. The N—point inverse FFT is 
defined by: | 


N - 1 


| hin) = > je i2a0kN 


oe: 


ine ee Two Real Inputs. 
Both the RE and IM data are multiplied by 
the data word input on the W—Bus. 
Results are accumulated and written back 
to external memory. The output to memory 
is the sum of all previous multiplications. 


— (e.g. Address 20,) = sum of first 21 


products (0-20), Address 49,, = sum of 
first 50 products, etc.) 


Multiply— Accumulate Real/Imaginary. The 
RE data input is multiplied by the first word 
input on the W—Bus. The IM input is 


multiplied by the second word input on the 


W-Bus. The output-to memory is the 


-. accumulation of all previous multiplications. 


REoytlN) = © REin(kiW4 {kl 
mek 


| 
tus 
= 


IMoutIN) = © IMinikWle) 


2 


ws 


& ope 


Niuttiniy= Accumdiate Complex. Complex 
multiplication is performed on each (RE, 
IM) and (Wp, Wj) pair. The output to 
memory isthe accumulation of all previous 
complex multiplications. Input of a complex 
operand on the W-—Bus Is done on two 
consecutive clock cycles. 


N 
REoyN) = © (RE: (kiWelk) — IMiq(kIW)(kI] 


0 


~~ il 


0100 


0101 


0110 


0111 


1000 


N 
Mout) = = (IMin(kiWalk) + RE n VMK 
K = 0 


(Wp = Wj, w = W) 


Magnitude Squared. The RE and IM data 
are squared separately. The squares are 
summed, halved and output to both the RE 
and IM data memories. 


REoytin) = IMoytin) = (RE; Z(n) + IMjn2In)]/2 


Multiply 2—Real. The RE and IM data are 
multiplied by the single data word input on 
the W-—Bus during the read cycle. Results 
are output to the corresponding memory 
address. 


RE yin) = REjy(n)W 4 (n) 
IMoytin) = IMin{n)W y(n) 


Multiply Real/Imaginary. The RE data value © 
is multiplied by the data input on the first 
W-—Bus cycle. The IM input is multiplied 

by the data input on the second W—Bus 
cycle. The result output to memory Is: 


REgytln) = REjq(n)W y(n) 
IMou¢lt) = IMinin)Wain) 


Multiply Complex. A complex multiplication 
is performed on the data input on the RE, 
IM and W—Bus inputs. The complex 
output to memory Is: 


(RE + jIM)(Wp + jWj) = 
RE gut) = [REjq(nWain)] — [IMIn};, y(n 
IMoytlal = [IMin(n]Weln)] + [RE(n},Wj(nl] 


FFT No Windowing. A complex Fast Fourier 
Transform is performed on data stored in 
external memory. No windowing is 
performed (rectangular window) during the 
FFT and the W—Bus Is unused. The 
memory addressing sequence and the 
transform length are determined by other 
parameters. The forward FFT is defined by: 


N - 1 
H{k) = £ hinje ~JZonk/N 
pra 
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CR1[14:11] (continued) 


1001 


1010 


FIR 2—Real. Finite Impulse Response 
filtering is done by performing a RAM 
based multiplication—accumulation on data 
and coefficients stored in external memory. 
Multiplication with accumulation is 
performed between filter coefficients input 
on the W—Bus and the RE and |M data. 
The RE and IM data are shifted down one 
location in memory with the final avcuriu— 
lated result written into location N — 1. 
Two separate data sets may be convolved 
simultaneously, using the RE and IM data 
and one filter coefficient data set. (See 
Applications section for more detailed 
descriptions of FIR operation.) The output 
IS: 


N—1 

RE(i)oyt = REI + thin. RE(N — Noyp= RE(n)W 4 (n) 
n-= Q 
N-1 

IMU out =IM(i+ Nin, IM(N —Yoyt= IM(n)W y(n) 
hr=0 


FIR Real/Imaginary. Finite Impulse Response 
filtering is done by performing a RAM 
based multiplication— accumulation on data 
and coefficients stored in external memory. 
Multiplication with accumulation is per— 
formed between filter coefficients input on 
the W—Bus, and the RE and IM data. The 
RE and IM data are shifted down one 
location in memory with the final accumu — 
lated result written into location N — 1. 
When the next input sample is loaded into 
address N — 1 the operation may be 
re—STARTed to form the next sum. Two 
sets of coefficients are used, both input 
through the W—Bus, one for RE data and 
a second for IM data. (See Applications 
section for more detailed description of FIR 
Operation.) The data outputs are: 


N-1 

REli) out =REli+ Tin, REIN—Noyp= 2 RE(n)W4 (n] 
i= 0 
N—-1 

IM out =!Mi+ Din, IMIN—Toyg= 2 IM(n)Wo(n) 
A= 
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1100 


1101 


FIR Adaptive. Adaptive FIR filtering allows 
concurrent updates to filter coefficients by 
the value specified on the W—Bus. The 
RE—Bus is used for input data and the 
IM—Bus used for filter coefficients. The 
W-—Bus determines the coefficient update 
value (0). The data on the RE—Bus is 
multiplied, accumulated and shifted down 
One address if MEeMary. the tinal con— 
volution result is output to address N — 1. 
The next input sample is stored in address 
N — 1, and the operation re—STARTed to 
form the next sum. The filter coefficients, 
input on the IM—Bus, are modified and 
stored back to their original address 
locations as follows: 


IM(igyt=!Mli)iq(1 —o (i) or, 
New Coefficient =[Old Coefficient] +[1— update value] 


Update values are input on the W—Bus for 
each coefficient (during the read cycle}. The 
data output is: 


N-1 
RE(i)oyt=RElit in, REIN-1)=E RE(KIIMIK\ 
k = 0 


FFT Real Window. An FFT is performed on 
complex data in external memory. During 
the first FFT pass, the RE and IM data are 
multiplied by the window coefficients input 
through the W—Bus. The real data window 
is applied to both the RE and IM data. The 
forward FFT with real windowing is defined 
by: 

N - 1 
H{k) = Z h(njwinjeJ27nk/N 

hi. 0 


IFFT Real Window. An Inverse FFT is 
performed on the complex data in external 
memory. During the first IFFT pass, the RE 
and IM data are multiplied by the window 
coefficients input through the W—Bus. The 
real data. window Is applied to both the RE 
and IM data. The inverse FFT with real 
windowing is defined by: 


N - 1 
h(n) = © Hikjwlkje +J2ank/N 
k=O 
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Tae Multiplication + FFT. Prior to 
performing the FFT, a complex: multiplication 
is performed between the RE and IM data 
and complex data stored in external 
memory input through the W—Bus. This 
operation requires one additional pass, 
compared to the FFT with Real Window, to 
complete the complex multiplication. 


1110 


1111 Complex Multiplication + IFFT. Prior to 
performing the inverse FFT, a complex 
multiplication is performed between the RE 
and IM data and complex data stored in 
external memory and input through the 
W-—Bus. This operation requires one 
additional pass, compared to the IFFT with 
Real Window, to perform the complex 
multiplication. 


~ Single Transform Length CR1[10:8] 


000 Undefined 

001 16 data points (Recommended for Non—FFT/IFFT 
Operations} 

010 32 data points 


011 64 data points 
100 128 data points 
101 256 data points 
110 512 data points 
111. 1024 data points 


This field defines the number of data points for a single 
transform. To reduce computational overhead, multiple 
transforms can be performed concurrently up to the 
1024 —point limit. This field sets the number of points 
for a single transform while the number of concurrent 
transforms is determined by Configuration Register 2 
(CR2[14:8]}. The total number of data points for any 
operation is obtained by multiplying the single transform 
length by the “number of transforms’ in CR2: 


(Transform Length)«(No. of Transforms)=Total number of data points 


For all non—transform operations, use of transform 
length = 16 Is recommended. This provides the 
maximum flexibility in selecting the size of the data set, 
allowing any number of points which is a multiple of 16 
(see Table 2). — 


FFT Addressing Sequence CR1[7:6] 


00 No Bit—reverse (In—Place, Sequential Addressing) 
(Use for Non—FFT Operations) 


16 


01 Bit—reverse address during first pass read 

10  Bit—reverse address. during last pass write 

11. Bit—reverse address during first pass read and 
last pass write. 


Several types of address sequences are available for 
transforms. Data scrambling is required when performing 
the FFT/IFFT. If the data is scrambled in memory prior to — 
the start of the transform, then it can be done 
“in—place’, thereby reducing the external memory 
requirements (see Applications). If data is stored in 
sequence, the TMC2310 must perform scrambling during 
the first pass of the transform (CR1[7:6] = 01 or 11}. 
The scrambling amounts to.a bit—wise reversing of the 
memory address. When performing the ‘‘bit—reversed”™ 
addressing, the user must provide additional memory for 
intermediate storage to avoid overwriting unused input 
data. The user must also store the window function in 
either bit—reversed or sequential order to match the 
ordering to the input data. (See Applications section.) 


Bit — reversing the memory address during the last data 
pass write (CR1[7:6] = 10 or 11) may be useful if the 
data will undergo additional FFT processing. The final 
results are placed in scrambled order in preparation for 
the next operation. 


Scaling Modes CR1[5] 


0 Auto Scaling 
1 Manual Scaling (Use for All Non—FFT Operations) 


This field determines the input data shifting. For multiple 
pass transforms using auto scaling, the input data Is 
shifted by the number of bits set by the manual scale 
factor (CR1[4:3]} for the first pass or by the Last Pass 
Overflow scaler (Ws 4) determined from the last pass 
of the previous operation (CR2[3]). Subsequent passes 
shift the data based on the overflow of the previous 
pass. During each pass of the FFT, the maximum 
overflow (0—3 bits) is monitored as results are output to 
external memory. The overflow value is used as a shift 
count for incoming data on the next pass. The number 
of shifts performed during all passes (including the first 
pass} and the overflow from the final data pass are 
available on the W— Bus using the SCaler ENable control 
(SCEN). 


Use of manual scaling disables the overflow detec — 
tion circuitry and shifts input data on every pass. The 
shift amount for each pass is determined by the manual 
scale factor set in CR1[4:3]. 
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Manual Scale Factor CR1(4:3] 


00 Shift by 0 bits the Input Scaler Select (CR2[3]) is activated to use the 
01 Shift by 1 bit Last Pass Overflow scaler then the Manual Scale Factor 
10 Shift by 2 bits will be overridden during the first data pass in either the 
11 Shift by 3 bits Auto or Manual Scaling modes. Also, the initial or first 
pass shift factor specified for either Auto or Manual 
This field specifies the number of shifts performed on Scaling will not be included in the Data Block (Scaler) 
the input data. In auto scaling, it defines the shift exponent, W{[3:0]. The user must be cautious when 
performed on the first data pass only. For manual performing manual scaling in order to avoid arithmetic 


scaling, the data Is shitted by this value on each pass. If errors due to Incorrect scaling. (See Applications section.| 


Configuration Register 2 (CR2) Format 
REig_9 


81716} ve|ta] 2] foo} 9 fs |7] sis fa] 3/2] 1 ]o]  — err numer 
7 ae Not Used (Don't Care) 


Input Scaler Select — 
0 User defined input scaler (from CR1) 
1 Last Pass Overflow (previous operation) 


Memory RD Control Select 
0 RD toggles with valid output data 
1 RD option for Cmpix W—Bus operations 


Source/Target Memory Select (RAMSEL) 
00 Source: Bank A — Target: Bank A 
01 Source: Bank B — Target: Bank B 
10 Source: Bank A — Target: Bank B 
11 Source: Bank B — Target: Bank A 


Addressing Mode 
0 Normal Addressing 
1 Pipelined ‘Addressing 


Number of Transforms 
| Specifies the number of transforms 
for FFT and IFFTs. Single Transform 
size is set in CR1. For non—FFT modes 
the number of data points is: 
(Transform Size) « (Num. of Transforms} 
(See Table 2). 


Configuration Register Select 
1 Configuration Register 2 (CR2) 


Not Used (Don’t Care) 
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Configuration Register 2 (CR2) 


Configuration Register 2 is used to define the operation 
of the RAMSEL and RD signals, the addressing modes 
and the total number of data points for each operation. 


Number of Transforms CR2[14:8] | 


0000000 Undefined 

bbbbbbb Number of 16—point transforms 

bbbbbb0 Number of 32—point transforms 

bbbbb00 Number of 64—point transforms 

bbbb000 Number of 128—point transforms 


—bbb0000 Number of 256—point transforms 
bb00000  #$Number of 512—point transforms 
1000000 = Single 1024 —point transform 


This parameter is used in conjunction with the single 
transform length set in CR1. The total number of points 
is determined by multiplying the transform length by the 
number of transforms. The possible combinations of 
transform length and number of transform/data points are 
specified in Table 2. 


Table 2. Possible Combinations of Transform Length and Number of Transforms 


Trans. Length 


CR1[10:8] CR2(14:8] 

XXX 0000000 

000 

001.16 —Point 0000001 
0000010 
0000011 
1000000 

010 32—Point 0000010 
0000100 
0000110 
1000000 

011 64—Point 0000100 


0001000 — 
0001100 


1000000 


0001000 
0010000 
0011000 


100 128 — Point 


1000000 


0010000 
0100000 
0110000 
1000000 


0100000 
1000000 


1000000 


101 256 — Point 


110 512—Point 


111 1024 — Point 
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| Num. Transforms | 


Number of FFT 
Transforms 


Number of Taps 
or Data Words 


Undefined for all transform sizes 
Undefined for all transform sizes 


16 Taps/Words 
32 Taps/Words 
48 Taps/Words 


1024 Taps/Words 


32 Taps/Words 
64 Taps/Words 
96 Taps/Words 


1024 Taps/Words 


64 Taps/Words 
128 Taps/Words 
192 Taps/Words 


1024 Taps/Words 


128 Taps/Words 
256 Taps/Words 
384 Taps/Words 


1024 Taps/Words 
256 Taps/Words 
512 Taps/Words 
768 Taps/Words 
1024 Taps/Words 


512 Taps/Words 
1024 Taps/Words 


1024 Taps/Words 


1 Transform 
2 Transforms 
3 Transforms 


64 Transforms 


1 Transform 
2 Transforms 
3 Transforms 


32 Transforms 


1 Transform 
2 Transforms 
3 Transforms 


16 Transforms 


1 Transform 
2 Transforms 
3 Transforms 


8 Transforms 


1 Transform 
2 Transforms 
3 Transforms 
4 Transforms 
1 Transform 
2 Transforms 


1 Transform 
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Addressing Mode CR2[7] 


0 Normal Addressing , bit—reversed addressing must use RAMSEL for memory 
1 Pipelined Addressing control to obtain proper results. 

This field selects the addressing mode for external The operation of RAMSEL for transform operations is. 
memory access. In normal addressing, the memory defined in tables 3, 4, 5 and 6. The state of RAMSEL is 
address, RD, RAMSEL and the read/write data are output shown for each pass. The table indicates the logic level 
on the same clock cycle. In pipelined addressing, the of RAMSEL for input and output during each pass. All 
address, RD, and RAMSEL outputs appear one clock single pass (non—FFT) operations {except FIR) allow the 
cycle prior to the data. This enables the system to setup source and target data locations to be specified with this 
one cycle in advance by externally registering the two—bit control parameter. 

address and controls. In both modes, the WR strobe Is : 
synchronized with the data and is guaranteed to meet For FIR filter operations, RAMSEL has been designed to 
data setup and hold times. Pipelined addressing is differentiate device outputs between shifted data samples 
supported for all device operations. (See Applications and the accumulated convolutional sum output at the 
section.| end of each pass. When CR2[6:5] is set to ‘00° or 


“10'° RAMSEL remains HIGH (Bank A) for all reads and 
writes (data shifting in memory) except during the last 
write. The last write of an FIR pass is the convolutional 


Source/Target Memory Select CR2([6:5] 


00 Source: Bank A (RAMSEL = HIGH) sum, which 's output with 
Target: Bank A (RAMSEL = HIGH] RAMSEL = LOW. When CR2[6:5] Is set to “01” or | i Gu 
01 Source: Bank B (RAMSEL = LOW| RAMSEL remains LOW (Bank B) for all reads and writes oe 
Target: Bank B (RAMSEL = LOW| except during the last output cycle when the sum result 
10 Source: Bank A (RAMSEL = HIGH} is written to memory with RAMSEL = HIGH. 
Target: Bank B [RAMSEL = LOW} Upon power—up RESET, RAMSEL will be in a HIGH 
11 Source: Bank B (RAMSEL = LOW) state. Once CR2 has been loaded into the device, 
Target: Bank A (RAMSEL = HIGH) RAMSEL will reflect the Source/Target Memory Selection 


specified in CR2[6:5]. After the operation has been 
This field allows the user to select the locations of the completed and the DONE flag has returned to a HIGH 
initial data inputs and the final data results in multiple state, RAMSEL will return to the ‘Source’ state 
memory bank systems. Use of banked memory systems — designated in CR2[6:5] unless a RESET has been applied. 
allow !/O operations to be overlapped with arithmetic RESET will clear CR2[5] and force RAMSEL HIGH. 
processing. RAMSEL allows the device to select between | 
the two banks of memory (RAMSEL = HIGH indicating — Application of the RESET command will clear CR2[5] and 
Bank A and RAMSEL = LOW indicating memory Bank — force RAMSEL = HIGH. CR2 must be loaded into the 
B). It may also be used as an additional address line in device to activate this option. 
paged memory systems. 


Transform operations require multiple data passes. The Memory RD Control Select CR2(4) 
state of RAMSEL for each pass is based on the FFT 0 
addressing sequence (CR1[7:6]}, the pass number and the 
source/ Target Memory select. Passes involving 

bit— reversed addressing require that RAMSEL toggle During all device operations, RD indicates the direction of 
between reading and writing to prevent overwriting the RE and IM data buses. When LOW, the TMC2310 is 
unused data. The TMC2310 Identifies passes involving performing a read (input) operation, and a HIGH indicates 
bit — reversed addressing and sets RAMSEL accordingly, a write (outputs enabled) operation. When the device 
During a bit—reverse pass, the 1MC2310 either reads performs operations requiring complex inputs to. the 


data with RAMSEL = HIGH and outputs with W-—Bus, real and imaginary j } ) 
, feal a y Inputs are time multiplexed 
RAMSEL = LOW, or, reads with RAMSEL = LOW and on successive cycles. We inputs appear with the RE and 


outputs with RAMSEL = HIGH. Systems utilizing IM data inputs (RD = LOW) while the Wj inputs appear 


RD toggles to denote valid output results 
RD option for Complex W—Bus operations 
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on the following cycle, when the device is outputting 
results (RD = HIGH). Due to the latency in the 
architecture of the device, however, results will not 
appear for at least seven cycles from the corresponding 
inputs. Under normal operations (CR2[4] = 0) the RD 
signal will not be activated until the first valid result 
appears, afterwhich RD will toggle on successive cycles. 
For operations that require complex W—Bus inputs 
CR2[4] can be set HIGH to allow the RD signal to toggle 
upon application of the START command. This will enable 
the Wr and W inputs to be synchronized with the 
FALLING and RISING edge of the RD signal, respectively. 
For modes that do not involve complex inputs to the 
W-—-Bus the RD Control Select should be set LOW. 


Application of the RESET command will clear CR2[4], 
therefore, CR2 must be loaded into the device to activate 
~ this option. | | 


Input Scaler Select (First Pass Only) CR2[3] 


0 — First Pass Input Scaler defined in CR1[4:3] 
1 Last Pass Overflow from previous operation used as 
Scaler Input | | 


Under normal operations the input data scale factor must 
be specified for the first pass of any operation using the 
Manual Scale Factor CR1[4:3]. For some applications it 
may be necessary to perform additional signal processing 
functions on the existing data set. When activated 
(CR2[3] = 1), this option allows the Last Pass Overflow 
scaler from the previous operation to be used as the 
inout scaler for the next operation. This feature 
eliminates the user from extracting the W5-q field from 
the W—Bus and will be useful to post process the data 
after a particular application. For example, the user may 
want to rescale the 19—bit data to 16 bits following an 
FFT operation. By activating this feature, the Last Pass 
Overflow scaler (from the FFT) will be used to rescale 
the data as it is input to the device for a multiplication 
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by 1.0 (0.9999. ..}. Additional operations that will 
benefit from this feature are MAGSO or a filter multi— 
plication following the FFT. 


Application of the RESET command will clear CR2[3] and 
the scaler exponent field (Ws). CR2 must be loaded 
into the device to activate this option. 


Tables 3, 4, 5 and 6 show the operation of RAMSEL for 
multiple pass transforms. The state of RAMSEL is shown 
for read and write operations during each data pass. 


For example: | 
16—point FFT (Real or No Window) 


Source = Bank A; Target = Bank A (CR2[6:5] = 00] 
Bit—reverse addressing on first pass read (CR1[7:6] = 01) 


Pass 0: Input data with RAMSEL = H (HIGH) 
Output data. with RAMSEL = L (LOW) 
(Data moved from Bank A to Bank B} 

Pass 1: Input data with RAMSEL = LOW 


Output data with RAMSEL = HIGH 
(Data moved from Bank B back to Bank A) 


16—point Complex Multiply + FFT 


Source = Bank B; Target = Bank B (CR2[6:5] = 01) 
Bit— reverse addressing on first pass read (CR1[7:6] = 01] 


Pass W: Input data with RAMSEL = L (LOW) 
Output data with RAMSEL = L (LOW) 
(Data remains in Bank B} 

Pass 0: = Input data with RAMSEL = L (LOW) 
Output data with RAMSEL = H (HIGH) 
(Data moved from Bank B to Bank A) 

Pass 1: Input data with RAMSEL = HIGH 


Output data with RAMSEL = LOW 
(Data moved from Bank A back to Bank B) 


The tables are valid for single and multiple transforms, 


however, RAMSEL operation is determined by the single 
transform size only. 
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Table 3a. RAMSEL Operation for Source = Bank A (RAMSEL=HIGH); Target = Bank A (RAMSEL= HIGH) 
Operation: FFT/IFFT Real or No Windowing 


Source/Target | Addressing Single Pass 0 | Pass 1 Pass 2 Pass 3 Pass 4 
CR2[6:5] Seq. CR1[7:6] | Transform Size | Read/Write | Read/Write | Read/Write | Read/Write | Read/Write 
00 00 16 H/H H/H 


32 H/H H/H H/H 
64 H/H H/H H/H 
128 H/H H/H H/H H/H 
256 HH HH Hin Hin 
512 H/H H/H H/H H/H H/H 
1024 H/H H/H H/H H/H H/H 
01, 10 or 11 16 H/L L/H 
32 H/L L/L L/H 
64 H/L L/L L/H 
128 H/L L/L L/L L/H 
256 H/L L/L L/L L/H 
512 H/L L/L L/L L/L L/H 
1024 H/L L/L L/L L/L L/H 


Note: 1. H = HIGH 
L = LOW 


\ 


Table 3b. RAMSEL Operation for Source = Bank A (RAMSEL=HIGH); Target = Bank A (RAMSEL= HIGH) 
Operation: Complex Multiply + FFT/IFFT 


Source/ | Addressing | Single 
Target Sequence | Transform | Pass W '2 Pass 0 Pass 4 
CR2[6:5] | CR1[7:6] S Read/Write | Read/Write | Read/Write | Read/Write | Read/Write | Read/Write 


01, 10 or 11 


Notes: 1. H = HIGH 
L = LOW 
2. Pass “‘W"' is the complex multiplication pass for FFT/IFFTs that perform complex multiplication prior to the transform. 
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Table 4a. RAMSEL Operation for Source =. Bank B (RAMSEL = Low); Target = Bank B (RAMSEL=LOW} 
Operation: FFT/IFFT Real or No Windowing , 


2 - Source/Target Addressing Single Pass 0! Pass 1 Pass 2 Pass 3. |. Pass 4 
ne ~CR2[6:5] a — CR1[7:6] ita tartl cecil Read/Write Read/Write Read/Write | Read/Write | Read/Write 


01, 10 or 11 


Note: 1.H HIGH 


LOW 


Table 4b. RAMSEL Operation for Source = Bank B (RAMSEL= wide Target = Bank B (RAMSEL=LOW) 
Operation: Complex Multiply + FFT/IFFT 


Source! Addressing Single 
Target Sequence | Transform | Pass W 1,2 Pass 1 3 Pass 4 
CR2(6:5] | CR1[7:6] Read/Write | Read/Write | Read/Write | Read/Write 


Read/Write | Read/Write 


01, 10 or 11 
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Source/ Target 
CR2[6:5] 


11 16 


1024 


Note: 1. H = HIGH 
L 
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H/L 
H/L 
H/L 
Hit 
H/L 
H/L 


H/H 
H/H 
H/H 
H/H 
H/H 
H/H 
H/H 


Not Allowed 
H/L 
H/L 
H/L 
H/L 
H/L 
H/L 


Table 5a. RAMSEL Operation Source = Bank A; Target = Bank B 
Operation: FFT/IFFT Real or No Windowing 


L/L 
L/L 
L/L 


H/L 
H/H 
H/H 
H/H 
H/H 
H/H 
H/H 


L/H 
L/H 
L/H 
L/H 
L/H 
L/H 


LiL 
L/L 
L/L 


H/L 
H/L 
H/H 
H/H 
H/H 
H/H 


H/L 
H/L 
H/H 
H/H 
H/H 
H/H 


LiL 
L/L 
L/L 


H/L 
H/L 
H/H 
H/H 


H/L 
H/L 
H/H 
H/H 


Pass 4 
Read/Write 


L/L 
L/L 


H/L 


H/L 


7 mIXW 
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Table 5b. RAMSEL Operation Source = Bank A; Target = Bank B 
Operation: Complex Multiply + FFT/IFFT a "s 


24 


Source/ 


~ Target 
CR2[6:5] 


10 


Notes: 


‘| Addressing | Single See 
Sequence. | Transform | Pass W':2 


CRiI7:6] | Size | Read/Write | Read/Write 


1.H 


Wl 


2. Pass 


H/H 
H/H 
—HIH 
_ IH 


H/H 
H/H 


H/H 
H/H 
H/H 
H/H 
H/H 
H/H 
H/H 


Not Allowed 
H/H 
H/H 
H/H 
H/H 
H/H 


HIGH 
LOW 


Pass 1 
Read/Write 


“W" is the complex multiplication pass for FFTI/IFFTs that perform complex multiplication prior to the transform. 
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Pass 4 


Read/Write | Read/Write | Read/Write 


L/L 
L/L 


L/L 
L/L 


H/L 
H/L 


H/L 
H/L 
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Bank A 


Table 6a. RAMSEL Operation Source = Bank B; Target = 
Operation: FFT/IFFT Real or No Windowing 


Source/Target | Addressing Single Pass 0! Pass 1 Pass 2 Pass 3 Pass 4 
CR2[6:5] Seq. CR1[7:6] | Transform Size } Read/Write | Read/Write | Read/Write | Read/Write | Read/Write 


00, 01 
5 7 i H/H 
64 L/H H/H H/H 
128 L/H H/H H/H H/H 
256 L/W HIW ete ren 
512 L/H H/H H/H H/H H/H 
1024 -L/H H/H H/H H/H H/H 
10 16 L/L L/H 
32 L/L L/L L/H 
64 L/L L/L L/H 
128 L/L L/L L/L L/H 
256 L/L L/L L/L L/H 
512 L/L L/L L/L L/L L/H 
1024 L/L L/L L/L L/L L/H 
11 16 Not Allowed 
32 L/H H/L L/H 
64 L/H H/L L/H 
128 L/H H/L L/L L/H 
256 L/H H/L L/L L/H 
512 L/H H/L L/L L/L L/H 
1024 L/H H/L L/L L/L L/H 
Note: = HIGH 
= LOW 
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Table 6b. RAMSEL Operation Source = Bank B; Target = Bank A 
Operation: Complex Multiply + FFT/IFFT 


Source/ | Addressing Single —— | | | 
Target | Sequence | Transform | Pass W ' _ Pass 1 Pass 4 
CR2(6:5] | CR1[7:6] S Read/Write | Read/Write | Read/Write | Read/Write | Read/Write | Read/Write 


11 00 


H/H 
H/H 


01 L/L 
L/L 
L/L 
L/L 
L/L 
L/L H/H 
L/L , H/H 


10 L/L 
L/L 
L/L 
L/L 
L/L 
L/L L/H 
L/L L/H 


11 Not Allowed 
L/L 
L/L 
L/L 
L/L 
L/L L/H 
L/L L/H 


Notes: 10H 
L 
2. Pass ‘’W" is the complex multiplication pass for FFT/IFFTs that perform complex multiplication prior to the transform. 
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Figure 3. Input/Clock Timing Figure 4. Read Cycle Timing 
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Figure 5. Write Cycle Timing 
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Figure 6. Scaler Timing 
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i 4 CYCLES (MIN) oe 


Figure 7. RESET Timing 
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Figure 8. Configuration Register Load Timing 
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Figure 9. START Timing (Shown for FFT/IFFT with Windowing) 
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Figure 10. DONE Timing (Shown for FFT/IFFT) | 
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Figure 11. TMC2310 Overall Timing Diagram — Normal Addressing paiaiiva Gisaksand CMD(O— Fr Timing Diagram 
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FIR Dual Real Control and Address Timing Diagram 
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RAMSEL x1 CXXXXKXKKKKXKKKKXKKKKKKY 

WR I eT 
SCALER EN | 


30 TRW LSI Products Inc. 


TMC2310 rrr 


Figure 12. TMC2310 Overall Timing Diagram — Pipelined Addressing Relative Clock and CMD(0—1) Timing Diagram 
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FIR Dual Real Control and Address Timing Diagram 
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Figure 13. Equivalent Input Circuit Figure 14. Equivalent Output Circuit 


Vpp Vpp 


n SUBSTRATE n SUBSTRATE 


D1 P | D1 


CONTROL _ 


, © OUTPUT 
INPUT ; 
KQ 
D2 - 
p WELL p WELL 


= GND | + GND 


Absolute maximum ratings (beyond which the device may be damaged) ' 


Supply Voltage ......... hep Aciediat ll Gt Reaeta. at) shined lhc gutls Btatigatg hk eichh mn Bats beoah ete Te ie wD elias aoe eRe ones —0.5 to +7.0V 


Input Voltage 


Output ; 
MopMOU VONAGE in ciarce ota tics ec ara Sancranaty neomonodastuedhid wands ovehen secenebeds —0.5 to (Vpp + 0.5)V 
PORCOO CUNCONGS an adunckrsad bh ibeuiterhal sto hacer tdenhdeetcehaau nt aumpiedae raqisduedotasidats —~30 to 60mA 
Short—circuit duration (single output in HIGH state to ground) .............. cece een eee 1 sec 

Temperature 
Operating: CaSe: 22s auiorsde dies aeieea Gee rede ee ob eee S ots a RASS Eee atenGa eas US —60 to +130°C 

(UNMGMO DH eg htetc taney Ga eats a dee tad aired aa eedlennath aera mec earyseaae alas Coen te arog tana haa + 175°C 

Lead, Soldering (10 -SCCONGS) Gasuiu eosin nines G niente He aed ba ew Me Te oha eae ee ee ee wh Sa 300°C 
SLOTAMO arn ce ti cs ee ees nade toe Soe iinet tatusta daar tanaate hie bak —65 to +150°C 

Notes: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into. the device. 
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Operating conditions 


Temperature Range 
Extended 


| ae 

_— sad tS tc: Pk Cee 1M tle. Ui] We Lae 

Von _ Supply Voltage } ar} so | 5] | | | as] so | ss] v 
so | {| | o | | | 6] | 


tey Clock Cycle Time 


tpyyH Clock Puise Width HIGH 25 } 25 3U ns 


Vin ut Voge Logie WHO [J 
Ioy Output Current, Logic HIGH ie oo ee ee ee ee ee —2.0 | mA 
iq Ration Tempore Saar] Oe 
Teta Tempers 


_ Temperature Range 
Standard Extended 


Parameter Test Conditions Units 


Ippq Supply Current, Quiescent Vop= Max, Vin =0V, DONE =HIGH 
lppy Supply Current, Unloaded Vpp = Max, f=20MHz 

ii Input Current, Logic LOW Vop = Max, Vin =0V 

liq Input Current, Logic HIGH Vop = Max, Vin=Vpp 

Vo, Output Voltage, Logic LOW Vop=Min, Io. =4mA 

Voy Output Voltage, Logic HIGH Vop=Min, Iopq= —2mA ; 


loz, Hi-Z Output Leakage Current, Output LOW Vpop = Max, Vin = OV 
lozH Hi-Z Output Leakage Current, Output HIGH Vpp = Max, Vin=Vpp 


log Short-Circuit Output Current Vpp = Max, Output HIGH, one pin 
to ground, one second duration max. 


losw Short-Circuit Output Current for WR Vpp = Max, Output HIGH, one pin 
to ground, one second duration max. 


C Input Capacitance Ty = 25°C, f= 1MHz 
Cg Output Capacitance Ta = 25°C, f= 1MHz | 


Note: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 


NO] RO 
oOo] © 


nN 
os 
| 
NOT BRO —_— 
oO] eo OQ 
= 
> 


NO 
> 
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Switching characteristics within specified operating conditions | 


mayen 


=! 


Temperature Range 
Standard Extended 


| -i 
. Parameter Test Conditions pe | Max P Units 
tp Delay Clock to Output Vpp=Min, Load = 25pF i ae vs 
. | REjg-0, !M18-0 20 ns 
ADg-9, RAMSEL pad8. 4 fA ns 
RD, DONE | 15 | | 16 | 18 | ns 
Scaler (W5.9) ~ ns 


tHo ._ Output Hold Time Vpp= Min, Load = 25pF 


RE1g-0, IM18-0 
ADg-p, RAMSEL 
RD, DONE 
Scaler (W5.9) 


tsa Setup Time ADg_g to WR LOW | Vpp=Min, Load =25pF 
tHA Hold Time ADg-9 to WR HIGH Vpp=Min, Load = 25pF 


tsp Setup Time Data to WR HIGH [DEIR | Min, Load = 25pF 
(Data Valid to end of WR) 


typ Hold Time Data to WR HIGH homniontadl Min, Load = 25pF 

(Data Hold from end of WR) 
tpwr WR Pulse Width LOW Vpp=Min, Load =25pF Pied 
tpWL__ Delay, Clock HIGH to WR LOW | Vpp=Min, Load=25pF | 11 | 25 | | 
tow Delay, Clock LOW to WR HIGH | Vpp=Min, Load =25pF ee ae 


teNA _ Three-State Enable Delay Vop=Min, Load=25pF | | 20 | 
tpis _Three-State Disable Delay Vpp=Min, Load =25pF oe eS ees 


Note: 1. All transitions are measured at a 1.5V level except for tpi and teyA. 


= NO 
So NO] Oo RO 7 NO] RO 


_— 
a] 
Nn 
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Table 7. Performance Benchmarks 


Number | Execution ' | Execution Cycles Execution Execution Time (20MHz) 
Operation of Points} Cycles (Multiple Transform Mode) | Time (20MHz) | (Multiple Transform) 
16 87 


FFT/IFFT 64/Transform + 23 4.35 uS 3.2 wS/Transform + 1.25 nS 
(Real Window/No Window) 32 223 192/Transform + 31 11.15 pS 9.6 uS/Transform + 1.55 pS 
64 415 384/Transform + 31 20.75 uS 19.2 wS/Transform + 1.55 nS 
128 1063 1024/Transform + 39 53.15 uS 51.2 uS/Transform + 1.95 pS 
256 2087 2048/Transform + 39 104.35 wS 102.4 »S/Transform + 1.95 nS 
412 4167 5120/Transform + 47 20U.3e 256.0 2S) ranSisit F225 48 
1024 10,287 N/A 514.35 us N/A 
FFT/IFFT 16 132 96/Transform + 36 6.6 uS 4.8 wS/Transform + 1.8 nS 
(w/Complex Multiply) 32 300 256/Transform + 44 15.0 nS 12.8 wS/Transform + 2.2 us 
64 _ 556 512/Transform + 44 27.8 us 25.6 wS/Transform + 2.2 us 
128 1332 1280/Transform + 52 66.6 nS 64.0 wS/Transform + 2.6 2S 
FIR Filtering ~ 2 Cycles/Point+9 100ns/Point + 450ns 
Multiplication 
Multiply — Accumulate 
Magnitude Squared - 2 Cycles/Point + 15 100ns/Point + 750ns 


Note: 1. Execution times are valid for all FFT addressing and scaling modes. 
Execution time is defined as the number of clocks from CMD=START until DONE=HIGH (see below). 


The number of clock cycles is obtained in the following manner: 


Clock Cycles = (Num. of Passes} « (2*Total Num. of Points) + (Num. of Passes) » 8+7 
= (2eTotal Num. of Butterflies} + (Processing Overhead). 


Figure 15. Execution Cycle Time 


“= EXECUTION TIME ey 


Note: 1. For multiple transforms, the total time can be obtained by multiplying the value in the table by the number of concurrent transforms. 
Example: 16 transforms of length 64 — points: 
From Table 7.: 384 clocks per transform + 31 cycles overhead. 
Therefore, the total number of cycles is: 
Total = (384/transform) « (16 transforms) + 31 = 6175 cycles. 
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Applications 


Data Formats 


The input and output data formats are shown in Figure. - 


16. Data is output on the RE and IM buses using the 
two's complement 19—bit data format. Input data must 
conform to the specified 16—bit data format detailed in 
Figure 16. During the first pass of any operation data 
input on the RE and IM buses may require scaling in 
order to be processed correctly by the device's arithmetic 
elements. Data input scaling parameters are specified 
according to the manual scale control set in CR1 or the 
input scaler select set in CR2Z. Only the sixteen Least 
Significant Bits (LSBs) or “shifted” LSBs will be passed 
to the arithmetic elements. If no data shift is performed, 
bits REy5 and IM45 must be sign extended into the 
three Most Significant Bits (REjg— 16, IM1g—16) to 
conform to the internal two's complement data buses. To 
perform FFIs the device supports an 18 x 1/—bit 
multiply, however, inputs exceeding the 16—bit formats 
shown above may produce an intermediate overflow 
within the device's arithmetic elements. 


The user is responsible for monitoring and accomodating 
data overflow for single pass instructions and for multiple 
pass transforms which utilize manual scaling. During 


multiple pass transforms, shifting can also be performed 
automatically (except for the first pass} by selecting the 


auto scale feature. If an operation may cause an 


overflow, sufficient memory width must be provided or 
data shifting performed to prevent loss of significant 
data. However, certain operations never cause overflow. 
For example, multiplication of two inputs which are both 
less than 1.0 will produce a result of less than 1.0. Since 
the MSBs of the output will always be a sign extension 
of the result, they can be ignored. This can simplify the 
memory arrangement by allowing the use of 16—bit 
memory systems (see Interfacing to Memory}. 


The W—Bus data,may be reduced to 16—bit format to 
simplify memory interfacing. To maintain maximum 
accuracy, this can be accomplished in one of two ways. 
If using only positive window or filter coefficients, the 
MSB (W 1g) may be connected to GND through a 
pull—down resistor (see Interfacing to 16 —Bit Memory 
Systems). If both positive and negative coefficients are 


-used, the LSB (Wg) can be connected to GND through a 


pull—down resistor. 


Figure 16. Data Bus Formats 


19—BIT Fractional Output Data Format (RE, IM) — 
18 17 16 15 14 13 


12 11 10 


1 0 


16-Bit Fractional Input Data Format (RE, IM) 
14 13 


12 11 10 4 0 


W-Bus 17-Bit Input Data Format 


Wig W15 Wig W43 


Win Wy 


W190 W, = Wo 


Py sc ed 
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FIR Filter Operation 


The TMC2310 performs both adaptive and non-adaptive 
coefficient Finite Inpulse Response (FIR) filters by per- 
forming a linear convolution between filter coefficients 
and input data. External data memory is used to store 
data samples and coefficients. For an N-tap filter, the 
data (RE, IM} memory retains the N most recent data 
samples and the window/coefficient memory stores the 
N filter coefficients. 


The output of an N-tap, FIR filter is given by the convo- 
lution equation: 


N-1 
yin—N+1) = ZL h(k}x(n—k) 
k=0 


The convolution is accomplished by multiplying data in 
the RE and IM memories with filter coefficients stored in 
external RAM or ROM and input on the W-Bus. During 
the multiplication/accumulation, the RE and IM data are 
shifted down in memory by one address in preparation 
for the next pass. 


At the start of a pass, the N-most recent data samples 
(x(n}) are stored in memory addresses from 0 through 
N—1 in ascending order (oldest sample in address 0). 


The filter coefficients are stored in window/coefficient 
memory in corresponding addresses but in reversed 
order. After the START command, the coefficients and 
data are multiplied and accumulated term-by-term, while 
each value in RE and IM memory is shifted down by 
one memory location {with RAMSEL=HIGH). Upon com- 
pletion of the pass, the RE and IM data have been 
shifted by one location, and the final accumulated result 
(yin}} is output to address=N—1 with RAMSEL=LOW. 
In preparation for the next pass, the result at memory 
address N—1 is read by the host system. Execution stops 
at the end of each pass to allow time to read this result 
and to load the next data sample. Io produce the next 
convolution output, this new data input Is stored in 
location N—1, and a START command is re-issued. This 
operation is repeated for each output point y(n}. 


A diagram of the ordering of data samples and filter 
coefficients before and after successive passes is shown 
in Figure 17. An examination of the arrangement of 
coefficients (h(k}} and data samples (x(n}} shows that the 
FIR filter equation is calculated by summing the product 
of filter coefficients and data points in corresponding 
addresses. 


Figure 17. FIR Filter Operation 


MEMORY RE, IM W - MEMORY 

ADDRESS MEMORY X(N) 
N-1 
N-2 


y(0) OUTPUT TO 
ADDRESS N - 1 
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MEMORY AT END OF PREVIOUS PASS 
OUTPUT OF NEXT PASS = y(1) 


W - MEMORY W - MEMORY 


RE, IM 
MEMORY 


x(N + 1) 


MEMORY AT END OF PREVIOUS PASS 
OUTPUT OF NEXT PASS = y(2) 
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FIR Filter Operation (cont.) 
The filter order (tap length) is set by the ‘single trans- 


form length” and “number of transform’ parameters In . 


CR1 and CR2 respectively. The allowable filter sizes are 
16 to 1024 taps, in multiples of 16. The throughput rate 
is two clock cycles per tap, per channel. 


Both the 2-Real and Real/Imaginary FIR filtering are 
performed as described above. The “FIR 2-Real”’ 
(CR1[14:11] =1001) instruction utilizes one set of filter 
coefficients for both the REjg.q and IM49-9 data. The 
FIR Real-Imaginary instruction allows the use of separate 
filter coefficients for RE and IM data. This allows 
simultaneous filtering of two independent Real data sets 
with different filter functions. Coefficients for each set 
are input on alternate clock cycles through the W-Bus 
with the use of the RD option available in 

CR2[4]. 


Adaptive FIR Filtering 


Adaptive FIR filtering performs modification of filter 
coefficients concurrently with the convolution. Adaptive 
filtering operates differently than non-adaptive FIR 
filtering. As indicated before, the output y(n), can be 
obtained by convolving input data with filter coefficients: 


N=1 
yin} = X h'({k}x(n—k) 
k=0 


Adaptive filters produce an error term for each filter 
output: 3 


[Actual Filter Output]—[Desired Filter Output] = Error 
Or, 
y(n) — y(n)’ =o (n) 


The error term is used to update the filter coefficients 
for the next data pass. The memory arrangement for 
adaptive filtering uses the RE memory for data storage 
and IM memory for existing and modified filter coeffi- 
cients. During the pass, the data (x(n}) are shifted down 
one address in memory while the product of data and 
coefficients is being accumulated (with RAMSEL= HIGH). 
Concurrent with the determination of the convolution 
sum and the data shifting in the RE data memory, the 
filter coefficients are modified by the function: 


h’(n) =[1 — 9 (n)Jh{n) 


Where the h’ are the filter coefficients used for the nex 
Dass. | 


The update value o is input on the W-Bus on every read 
cycle and the modified filter coefficients are stored in IM 
memory. The operation is shown in Figure 18. 


Figure 18. Adaptive Filtering 
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MEMORY AT END OF PASS 


W - MEMORY 


RE, IM W - MEMORY 
MEMORY 


x(N +1) 


MEMORY AT END OF NEXT PASS 


Note: 1. W-Bus input = o (n) 
h'{k) = hik)[1—o {n)] 
n'tk) = hW'{k\[1—o ‘(n)] 
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Interfacing to Memory 


Using the TMC2310 with Lower Resolution Data 


The 1MC2310 allows data inputs of up to 16 bits for all 
Operations without the risk of an internal overflow. When 
using data values that are smaller than 16 bits it Is 
recommended that they be placed in the upper MSBs of 
the RE and IM data ports. For instance, when using 

12 —bit initial inputs for an FFT operation the real and 
imaginary data should be placed on both REjg_7 and 
IM19_—7, respectively. Using the upper MSBs of each 
19—bit data port allows the device to operate in either 
the AUTO or MANUAL scale mode. Configuration 
Register 1, CR1[4:3], must be set to perform a right shift 
of 3 bits on the data input during the first pass. Results 
from the first pass have the potential of growing up to 
19 bits, therefore, to maintain maximum precision the 
outputs should be contained in 19—bit wide memory. 


Initial data inputs can be connected to the 12 LSBs, 
however, since the device uses a two's complement data 
format each input must be sign extended into RE7g and 
IM1g, the MSBs. For operations that require multiple 
passes (i.e., FFI/IFFI) intermediate results will carry less 
precision. This will result in a reduction in the overall 
accuracy of the transform operation. 


Interfacing to 16— Bit Memory Systems 
The TMC2310 outputs 19 bits of significant data to 


external memory in order to increase arithmetic precision 
and minimize roundoff error. To obtain the best results, 
the memory system should support all 19 data bits. In 
order to reduce the number of memory devices, the 
system can be configured with 16—bit wide data 
memories. While this configuration may reduce system 
size and cost, there will be a decrease in accuracy due 
to truncation of the output data. In a 16—bit memory 
system, data should be left—justified (connected to the 
16 MSBs} with the 3 LSBs connected to pull—up (or 
pull—down) resistors. Configuration Register 1 Is 
programmed to perform auto or manual data scaling with 
a right shift of 3 bits performed on the data during the 
first pass (CR[4:3]=11). The 16 MSBs of the output are 
stored into memory, truncating the three LSBs. 


In systems utilizing data windowing, the user may 
connect either the LSB or the MSB of the W-Bus to 
ground through a pull—down resistor of 5 kOhms. If 
both positive and negative window values are to be 
used, the MSB Is required (two's complement format) 
and the LSB may be grounded. For positive magnitude | 
window functions, the MSB will always be zero, and can 
therefore be connected to ground through a 5 kOhm 
resistor. 


G@ 


Figure 19. Interfacing to 16— Bit Memories 


CLK 


~ TRW LSI Products Inc. 


IMAG WINDOW 

DATA DATA _. 
E o= . 
5 . 


IM18-3 


TMC2310 


5K Q 


ENABLE 
SCALER 


41 


TMC2310 


A INV 


Pipelined vs. Non — Pipelined Addressing 


Operation of the TMC2310 at its maximum clock rate 
requires the use of high—speed data memory. By 
including a special addressing mode, slower memory can 
be used by the addition of high—speed external address 
registers. The TMC2310 has been designed to allow the 
user to make system tradeoffs between memory cost and 
device count. 


Normally, a memory address is output and the data 
strobed into or out of memory within a single clock 
cycle. Therefore, the following relationship must be met: 


tey  [tpg(TMC2310 Addr. Out) + tacc(memory] + ts(TMC2310 Data In)] 


or equivalently, the memory access time must meet the 
requirement: | 


tacclmemory) — [tey—tp(TMC2310)—ts(TMC2310)] 

Use of the “Pipelined Addressing’ mode alters the above 
relationship. In pipelined mode, the address and controls 
(RD and RAMSEL) appear one cycle earlier. For a read 
operation, the data will be input to the TMC2310 on the 
following cycle. For a write operation, the output data 
and the WR strobe will occur one cycle after the 
address and controls. For proper synchronization, the 
address, RD and RAMSEL outputs must be externally 
registered. The requirement for external memory speed 
becomes: 


tacc(memory} [tey —tplexternal register) —tg({TMC2310)] 


By substitution of the appropriate parameters into the 
above equation, it can be seen that the use of an 
external high-speed register (AS374, F374, etc.) results 
in a substantial reduction of memory speed (access time} 
requirements. 


Typical System Configuration 


Figure 20 shows a typical system configuration utilizing 
many of the described techniques. The system includes 
“pipelined addressing’, evident by the use of external 
registers on the TMC2310 memory address and controls. 
The system also includes a banked (Bank A and Bank B) 
memory system which may consists of single port or 
multi— port memory. (External host interface to memories 
is not shown.] 


Finally, the diagram shows a system utilizing two window 
memories (for dual real and complex operations}. If only 
one window memory Is required (Real Windows} then 
the Imaginary memory, W/(2}, and associated output 
register and inverter may be deleted. For a single 
window memory, the chip select of VV(1) can be 
connected to a LOW and the output enable connected to 
the DONE flag to disable the memory when the device 
is idle. 


Figure 20. Typical System Configuration 
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Bit — Reverse Addressing for Input Data 


The radix—2, Decimation—In—Time (DIT) FFT/IFFT intermediate storage during this pass. The RAMSEL 
algorithm performed by the TMC2310 requires data output is used to toggle between the two banks during 
scrambling during the first butterfly pass (Refs. [2],[3]). reads and writes of the first pass. RAMSEL must be 
The scrambling amounts to a bitwise reversal of the connected either to the ‘chip enables’ of separate 
address index during the first pass of the FFT. A flow memories or to an additional address line (for a paged 


diagram for a general, radix—2, 16—point FFT is shown memory system). At the completion of the transform, 
in Figure 21. By a close examination of the figure, it can data will be in memory in sequential (frequency or time) 


be seen that the first butterfly is performed on data order. 
points X(0) ana X(8) with results storea in x(G} and X14}. 
It is apparent that results must be written to a A transform can be done without the scratch pad 
secondary memory to prevent the loss of the unused memory by initially storing the data in scrambled order. 
data point X(1}. This is accomplished by a simple reverse ordering of the 
address lines between the host system address generator 
The TMC2310 allows several addressing options for (counters, etc.) and the data memory (Figure 22). The 
transforms. While these modes have no effect on speed __ transform is then performed ‘‘in—place’’ (no bit — reverse, 
Or processing time, they do affect system memory CR1[7:6]=00). Since the input data has been 
requirements. If the input data samples are stored in “pre—scrambled”, the TMC2310 will read and write data 
memory in sequential order, then the TMC2310 must to memory addresses in a sequence that requires no 
perform the bit—reversed addressing (CR1[7:6] =01) additional memory. Final results will be available in 
during the first butterfly pass. To accomodate the data sequential, frequency bin order. In either case, If Gu 


scrambling and prevent overwriting of unused data, the windowing Is performed, the user must store the 
user must provide additional ‘scratch pad’ memory for window function either in sequential or scrambled order 
to match that of the input data. 


Figure 21. 16 — Point FFT 


MEMORY LOCATION 


OUTPUT MEMORY 
CRI1[7:6] = 00 CR117:6] = 01 LOCATION 


x(0) 


= 


x(1) 1 


X(2) 
, x(3) 

Wass. 
x(4) 


X(5) 5 


AX , 
06 
XXX 
ys 
“i 
. f 
\N\ 


x(6) 


X 
y 
‘4 
x 


wa 
OS 
x 
<e 
“2 
“ 


x(7) 7 


xxx aflame wile Xi8) 8 
EI IO 
MECC 
Vie SON ae x(11) " 
MAINS : 


i 
( 


SoS e$e 


H\ 
x 
Xx 
S 


X(13) 13 


“ 


wor x(14) 14 


\ 
| 
| 


_wi x(15) 15 


= 
= 
o 


TRW LSI Products Inc. 43 


TMC2310 ort 


Figure 22. Bit-Reversed Input Data for 1024-Point Transform 
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Alternate Method For Write Strobe Generation 


The high-speed operation of the TMC2310 requires the method may give better system timing and performance. 
use of fast random addess memory. In some instances, The strobe will be the LOW portion of the system clock. 
the pulse-width and timing of the TMC2310’s WR may Figure 23, part (a) shows external generation of a write 
not meet the system requirements. As an alternative, the strobe in non-pipelined addressing systems, and part (b) 


user can use the RD output used to generate a write for pipelined systems utilizing the external address 
strobe for memory. Since RD is normally LOW and goes registers. The external register (74AS821) is clocked by 
HIGH only during write cycles, the user can gate RD —_a delayed system clock (through the AS32} to guarantee 
with the system clock to create an active LOW write a valid memory address until WE goes HIGH. 


(enable) strobe. Implementing the write strobe in this 


Figure 23. Generating a Write Strobe 
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Scale Factor (W3_.9) 


In the inverse FFT, the final exponent read at this port Transform,’ Proceedings of the IEEE, Vol. 66, 
will be the true binary exponent for the emerging real No. 1, January, 1978, pp 51-83. 
and imaginary data. In the forward FFT, this value will 
exceed the true exponent by N, where the total number [2] Oppenheim, AYV., Schafer, RW., ‘Digital Signal 
of transform points is 2N. The format for this exponent Processing, Prentice-Hall, Inc., 1975. 
is 4-bit unsigned integer. 

[3] Rabiner, L.R., Gold, B., “Theory and Applications 
References of Digital Signal Processing,’ Prentice-Hall, Inc., 


VS sae seins Mall L ne beer 
[1] Harris, FJ., “On the Use of Windows for ey reer cepa enere 
Harmonic Analysis with the Discrete Fourier 


Ordering Information 


Product Temperature Range Package Package 
Number Marking 
TMC2310G5V EXT—Te = —55°C to 125°C MIL-STD-883, 15MHz 88 Pin Ceramic Pin Grid Array 2310G5V 
TMC2310G5V1 EXT—Te = —55°C to 125°C MIL-STD-883, 20MHz 88 Pin Ceramic Pin Grid Array 2310G5V1 
TMC2310H7C STD—T,=0°C to 70°C Commercial, 20MHz 89 Pin Plastic Pin Grid Array 2310H7C 
TMC2310L4V EXT—Te = —55°C to 125°C MIL-STD-883, 15MHz 100 Leaded Ceramic Chip Carrier 2310L4V 
TMC2310L4V1 EXT—Te= —58°C to 125°C MIL-STD-883, 20MHz 100 Leaded Ceramic Chip Carrier 2310L4V1 


TMC2310L6V EXT—Te= —55°C to 125°C MIL-STD-883, 15MHz 132 Leaded CERQUAD 2310L6V 
TMC2310L6V1 EXT—Te=—55°C to 125°C MIL-STD-883, 20MHz 132 Leaded CEROUAD 2310L6V1 
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CMOS Fast Cosine Transform Processor 


12 Bits, 15 Million Pixels Per Second 


The TMC2311, a high-speed algorithm specific processor, 
computes the one or two dimensional forward discrete 
cosine transfarm (DCT) of an 8 ar 8x8 noint array of 
contiguous 9-bit data or the inverse DCT of 12-bit data. 
Output precision in all cases is 12 bits. It complies with 
the CCITT Specialists’ Group on Visual Telephony (SG XV) 
accuracy specification for inverse DCT. With its internal 
coefficient ROM, data transpose RAM, address generators, 
and sequencer, the TMC2311 accepts high level 
instructions from a host processor and raw 8x8 blocked 
data from an external memory and returns transformed 
data to a second external memory. The TMC2311 also 
includes a defeatable adder-subtractor for linear predictive 
coding and differential pulse code modulation. The 
pipelined TMC2311 can transform continuous 8x8 pixel 
data blocks at a rate of one per 4.48us. 


Operating under a system clock of up to 30MHz, the 
TMC2311 accepts each incoming data block in row-major 
(“line-by-line”) format at two clock cycles per pixel. Output 
data are written in column-major format, |.e., down the 
left-most column of the block, then down the next column 
to the right, etc., also at two clock cycles per pixel. In the 
inverse DCT mode, the chip accepts column-major data and 
return row-major data. Thus, a pair of TMC2311 chips can 
transform an image and return it to its original spatial 
domain, with or without any intervening operation, such 
as compression, transmission and re-expansion. 


Built with TRW’s one-micron double level metal 
OMICRON-C™ low-power CMOS process, the TMC2311 
is available in a 68-lead plastic chip carrier. 


TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 


Features 
e Stand Alone Execution Of 8-Point Forward Or Inverse 
Cosine [rantorm 


e Continuous 8x8-Point 2-D DCTs Every 4.48us Including 
Memory Transpose And Data Loading/Unloading 


e On-Chip Cosine Coefficient ROM 


e QOn-Chip Data Transpose Memory With Direct 
Transpose Mode 


e Auxiliary Adder With Optional Clipped Outputs For 
Linear Predictive Coding And Differential Pulse 
Code Modulation 


e Two's Complement 12-Bit Data |/0 Format 
e Two's Complement 9-Bit Add/Subtract Input 
e Full CCITT SGXV Compatibility 

e All Inputs And Outputs TTL Compatible 

e 68 Pin Plastic Chip Carrier 
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Applications 

e Image Processing, Graphics 

e Pulse And Image Compression 

e Video Teleconferencing 

e Linear Predictive Coding 

e Differential Pulse Code Modulation 
e Electronic Publishing 

e Medical Imaging And Archiving 


Associated Products 


e TMC2312 — Quantizer/Huffman Encoder 

e TMC2313 — Huffman Decoder/Dequantizer 
e TMC2220 — 4x32 Correlator 

e TMC2250 — 2-D 3x3 FIR Filter 

e TMC2272 — Colorspace Converter 


Figure 1. Functional Block Diagram 
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Functional Description 


The TMC2311 comprises five internal blocks: a controller, 
two arithmetic elements, a data transpose memory and 
an auxiliary adder circuit (Figure 1). Each arithmetic 
element (AE) can compute an 8-point 1-dimensional DCT 
in 16 clock cycles. When the device is configured to 
perform 2-dimensional transforms, the first AE computes 
the DCT of each consecutive row of 8 pixels. The results 
of each 8x1 DCT are written into the intermediate memory. 
After eight 1-dimensional transforms are computed, the 
device computes the DCT of each consecutive 8-pixel 
column, while (if so instructed) computing the DCTs of 
the rows of the next block of data. The auxiliary adder/ 
subtractor can be used with a forward and inverse 
transform in linear predictive coding applications. The 
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adder can also be used alone to perform differential pulse 
code modulation without the cosine transform. In all modes 
and configurations the device operates on continuous data 
at a rate of up to 15 Megapels/second and can perform a 
complete 8x8 DCT every 128 clock cycles. 


Control 


The control block includes the chip's preprogrammed 
controller, sequencer, and microcode generator. The host 
system needs only to load a single 8-bit control word on 
C7-g and then strobe the INIT pin. The chip will proceed 
automatically through the chosen operation without further 
Supervision. 
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Arithmetic Element #1 


Comprising a multiplier and two adder/subtractors, 
bypassable processor AE1 performs a series of one- 
dimensional 8-point forward or inverse DCTs on the 
incoming data, writing its 8-point transform results into 
the transpose memory. 


Data Transpose Memory 

This two-nort 64-word RAM collects each araun of eight 
consecutive 8-point transformed data sets from AE1 and 
then passes them to AE2 while collecting the next group, 
thereby acting as a large pipeline buffer. When enabled, 
the DTM accepts each 64-point data block in row-major 
sequence and returns the same data in column-major 
order, effecting a “corner turn.” Bypassing this block 
leaves the data sequence unchanged. 


Arithmetic Element #2 


Identical to AE1, bypassable data processor AE2 performs 
eight 8- point one-dimensional transforms on each 64-point 
block of data. Each transform pulls one data point from 
each of the eight transforms done by AE1, completing the 
8x8 two-dimensional transform. For one-dimensional 
transforms, either AE can be bypassed. 


Auxiliary Adder 


The remaining circuitry in Figure 7 can be employed as 
either a presubtractor or a post-adder. (See Applications 
Discussions of Linear Predictive Coding, Differential 
Pulse Code Modulation, and Interframe Coding.) As 
instructed by CTRL3 (INVERT), CTRL7 (XSEL), ISEL, and 
OSEL, this adder combines the 9-bit two's complement 
data entering on port DXg-g with either the incoming or 
emerging data stream. 


Operating Modes 


The TMC2311's five operating modes are selected by 
control pins CTRL?9-9. The device can be configured in the 
following ways: 


The device will perform a two-dimensional transform if 
CTRL2-9 = 000 or 001. AE1 performs a one-dimensional 
DCT (IDCT if CTRL3 = 1) on each of eight 8-pixel rows of 
data supplied row-by-row to DIN11-p. Results from each 
block of eight transforms are fed via the Transpose 
Memory to AE2, which performs a one-dimensional DCT 
(IDCT) on each of the eight 8-pixel columns of data, in turn 
(Figure 2). 
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Figure 2. 2-D Transform (With Transpose) 


24032A 


The device can also perform one-dimensional DCTs (IDCTs) 
with or without memory transpose. 


When CTRL2-9 = 010, the chip will transform eight 8-point 
rows of incoming data, then transpose the results without 
transforming the columns (Figure 3). 


Figure 3. 1-D Transform With 8x8 Transpose 


24033A 


When CTRL2-9 = 011, the device accepts eight 8-point 
rows of data and transposes them before AE2 performs 
one-dimensional DCTs (IDCTs) of the columns (Figure 4). 


Figure 4. 8x8 Transpose With 1-D Transform 
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The device can also perform one-dimensional transforms 
without transposes. When CTRL2-g = 100 or 101, AE1 
performs a one-dimensional DCT or IDCT on each incoming 
8-point row of data (Figure 5). 
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Figure 5. 1-D Transform (Without Transpose) | Figure 6. Memory Transpose (Without Transform) 
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Finally, the device will perform the memory transpose with Table 1 summarizes the operation of controls CTRL7, 

no DCT when CTRL2-9 = 110 or 111 (Figure 6). CTRL3, ISEL, and OSEL, which “fine tune” the mode 
selection by programming the presubtractor/postadder and 
the transform direction. (Where a full two- dimensional FCT 
or IFCT is needed, CTRL7-c9 must be set to 011. CTRL7=1 
then enables presubtraction and OSEL=1 enables 
postaddition, as desired by the user.) 


Table 1. Operating Mode Configurations 


Device Configuration 


Application CTRL7 CTRL3 | ASEL OSEL 
0 | 0 


2D DCT 2D FCT X 0 
2D IDCT 2D IFCT- 0 1 X 0 
Interframe Compress 2D FCT, Presubtract 1 0 0 0 
Interframe Decompress 2D IFCT, Post Add 0 1 0 1 
LPC 2D FCT, Presubtract 1 0 0 0 
ILPC 2D IFCT, Post Add 0 1 0 1 
LPC Directly Out DOUT=DIN-DX 1 0 0 1 
ILPC Directly Out DOUT=DIN+DX 1 1 0 1 
DPCM Directly Out DOUT(k)=DIN(k)-DIN(k-1) 1 0 1 1 
IDPCM Directly Out DOUT(k)=DIN(k)+DIN(k-1) 1 1; 2 1 1 
DPCM w/ Transpose DOUT(k)=DIN(k)-DIN(k-1) 1 0 1 0 
IDPCM w/ Transpose _DOUT(k)=DIN(k}+DIN(k-1) 1 1 1 0 


Notes: — LPC/ILPC Linear Predictive Coding (Forward/Inverse) 
DPCM/IDPCM Differential Pulse Code Modulation (Forward/Inverse) 
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Signal Definitions 


Control 
INIT 


NOOP 


CTRL2-9 


CTRL3 


Single pass “start” command. INIT=0 resets 
the internal logic and output flags and 
updates the CTRL7-9 parameters. INIT is 
registered and must be LOW for at least 3 
clock cycles. INIT returning HIGH starts the 
transform. The first data point is loaded two 
cycies tater. 


Input clock disable. NOOP=1 freezes 
operation of the device on the next CLK rising 
edge. Operation commences from where It 
stopped one cycle after NOOP returns LOW. 


Control word preload command. WR=0 loads 
CTRL7-0 parameters into the device's preload 
register. The next INIT rising edge transfers 
the preloaded parameters into the chip's 
working registers. 


Control word (READ) command. RD=0 allows: 
the preloaded parameters CTRL7-9 to be 
read. | 


MODE Control. Defines the internal 
configuration (mode) of the device, selecting 
either 2-dimensional or 1-dimensional 
transforms and/or the access to the internal 
Transpose Memory (Figures 2 through 6.) 


CTRL2-9 Operation 

000 2—-D Transform 

001 2—D Transform 

010 1—D Transform, Transpose 
011 Transpose, 1—D Transform 
100 1—D Transform 

101 1—D Transform 

110 Transpose 

111 Transpose 


Inverse Transform Enable (INV). INV=0 
selects a forward DCT. If INV=1, the device 
will compute the Inverse DCT. INV also 
inverts the data to one side of the auxiliary 
adder. When and only when INV=0, data 
from the multiplexer which selects the DX 
port or delayed DIN port will be inverted. 
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CTRLy 


CTRL 


CTRL 


CTRL7 


ISEL 


OSEL 


Automatic Reinitialization (AUTOINIT). Al=0 
allows continuous operation of device. When 
Al=1, the device will halt at the end of the 
specified transform. 


Arithmetic Limit (CLIP). CLIP=1 saturates data 
outputs to 9 bits. CLIP is useful when 
presubtraction or postaddition is used with 
the DCT or IDCT. 


Flag Control (FC). FC determines when the 
output flags, BOT and EOB, appear. When 
FC=0, both flags are output with the 
corresponding data result. When FC=1, the 
flags appear two clock cycles earlier. 


Auxiliary Adder Select (XSEL). XSEL controls 
two multiplexers within the auxiliary adder 
circuitry. The first mux feeds the non-inverted 
input to the adder either the DIN port 
(XSEL=1) or outputs from the core of the 
device (XSEL=0). The second mux selects the 
data entering the core of the device from 
either the input port (XSEL=0) or adder output 
(XSEL=1). See Applications, Operating 
Mode Configurations. 


Input Data Select. ISEL=0 connects the 
inverted (optional) input of the auxiliary adder 
to the DX port. When ISEL=1, the DIN port is 
connected, via a one data cycle delay. Output 
from this mux to the adder is inverted when 
INV=0. See Applications, Operating Mode 
Configurations. 


Output Data Select. When OSEL=0, data 
results from the device core pass to the final 
output register. When OSEL=1, results from 
the adder pass to the final output register. 
See Applications, Operating Mode 
Configurations. 


Asynchronous active LOW OUTPUT ENABLE 
for data output port, DOUT11-9. When OE=1, 
every output is forced into a high-impedance 
State. 


Active LOW asynchronous output FLAG 
ENABLE. When FE=1, BOT and EOB are forced 
into a high-impedance state. 
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Data Inputs 


DIN11.9 


DXg-0 


Data INput Port (1 2-bit two's complement 


format). DIN is the input port for both 
FORWARD and INVERSE transforms. DIN11 is 
the MSB. For two dimensional forward 
transforms, data precision is limited to 9 bits, 
DINg-9, and must be sign-extended into the 


remaining MSBs. Data exceeding the lower 9- 


bit range may cause an internal overflow. For 
INVERSE transforms, the entire 12-bit input 
port may used without risk of overflow. 


Auxiliary Data Input Port (9-bit two's 
complement format). Feeds one side of 
auxiliary adder. DXg is the MSB. Auxiliary 
inputs can be provided to the device for linear 
predictive coding (LPC) where pixel 
differences are transformed. In the FORWARD 
direction, inputs supplied to the DX port (and 
selected via ISEL) will be subtracted from 
pixel values input simultaneously on the DIN 
port. In the INVERSE direction, DX inputs will 
be added to outputs following the desired 


_ tranform operation. The DX inputs must be 


delayed so that they appear at the adder 
simultaneously with the corresponding pixel 
outputs. 


Data Outputs 


DOUT41-9 


Data OUTput Port (12-bit, two's complement 
format). DOUT Is the output port for both 
FORWARD and INVERSE transforms. DOUT4 1 
is the MSB. When CLIP=1, all data outputs 


are clipped to 9 bits, DOUTg-g, with sign 
extension into the remaining MSBs. DOUT is 
forced into a high-impedance state when 
OE=1. 3 


Output Flags 


BOT 


EOB 


Clock 
CLK 


~ Power 


Vpp, GND 


Beginning Of Transform. Toggles LOW to 
denote the first result of each one- 
dimensional 8-point transform or the first 
result of each 8-point row or column of a two- 
dimensional transform. When FC=0, BOT will 
appear simultaneously with the corresponding 
result. When FC=1, BOT will appear one data 
I/O cycle earlier. 


End Of Block. Toggles LOW to signal the last 
result of the entire (8 or 64 point) transform 
field. When FC=0, EOB appears 
simultaneously with the last data result. 
When FC=1, EOB appears two cycles earlier. 


Data Path Clock. The device operates with a 
clock of 0 to 30MEHz. All internal operations 
are referenced to the rising edges of CLK; 1/0 
operations except CTRL7-9 read and write, to 
alternate rising edges of CLK. 


The TMC2311 operates from a single +5 Volt 
supply. All Vpp and GND pins must be 
connected. | 
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Table 2. Data Formats and Bit Weighting 


ie oe a 


Input Data Format — Forward Transforms 


el, OA ee (ee De 


Input Data Format — Inverse Transforms 


DX: 


Output Data Format — Forward Transforms 


POU ee aN ee ee ee ee ee) 


Output Data Format — Inverse Transforms 


Notes: $= Sign Extension. 
In forward transforms, system should feed two's complement sign bit to DIN17-g for 9-bit data size. 
In inverse transforms, chip will output two’s complement sign bit into pins DOUT4 7-8. 


Operation and Timing Figure 7. Control Preload Timing 


Initialization —-. 
Control Word Preload Timing 


The self-sequencing TMC2311 requires no cycle-to-cycle 


supervision by the host system. On the rising edge of WR, CTRL 7. (YYX XXXXYXXXXYXX) 


the user loads an 8-bit control word (CTRL7-9) which sets 5 

device parameters: mode and direction of the transform, 

continuous (or non-continuous) device operation, format of 

output data and timing of the output flags. The control PRELOAD 


C (N-1) C (N) 


parameters preloaded via CTRL7-9 are registered internally REGISTER 
and updated by the INIT signal. Control load timing is 
displayed in Figure 7. INIT 
WORKING 
REGISTER ete) 
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Control Word Read Timing 


The TMC2311 also permits the user to read the preloaded | 


control word value back through CTRL7-9, a bidirectional 
port. When RD=0, the CTRL7-9 port outputs the control. 
information stored in the device (Figure 8). 


Data Input Timing. 


After the TMC2311 is initialized, date are input to DING: -0 
and DXg-g on alternate rising edges of the device system 
clock. When the device is set for forward DCTs with 
transpose, data inputs are accepted. in row-major format, 
i.e., line-by-line through the 8x8 transform window. When 
the device performs inverse DCTs, inputs are accepted in 
column-major format. Following the rising edge of INIT 


__ command, data inputs can be continuously loaded into the 
~ . device on alternate Sing edges of the system clock 
- (Figure 9). 


Figure 8. Control Read Timing 
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‘Data Output Timing 


Results are output at half the system clock rate. The initial 
result latency and the number of results depends on the 
device operation specified by CTRL2-9. Once the first result 
reaches the output port, remaining results will appear 
continuously. When the TMC2311 is set to perform forward 
DCTs with transpose, output data are written in column- 
major format. In the inverse direction, data results are 


returned row-by-row (Figure 10). 


Figure 9. Data Input Timing 


~tPWL 
ah 
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Figure 10. Data Output Timing 
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DOUT 44-9 
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Overall Timing lf AUTOINIT (CTRL4}=0, the device will operate 
continuously with no interruption between transforms. 


: : ia a a a sed eee , a ds d Otherwise the device will halt after the specified number 
Be ee ee ee ee ee eee Oe ore a a ueneete “af data points have been processed. When AUTOINIT=1, 


by CTRL2.0. Results will be returned by the TMC2311 in device operation will resume with the next INIT signal. 
similar groups following a predetermined initial latency. 


For applications that use the auxiliary adder ahead of the 


a of - ae a ae D rs Hae should differentiate between the rows/columns of the transform 
vie fei ie eae ana window and between individual transform blocks. The | 
aes Beginning Of Transform (BOT) flag goes LOW with the first 
account for the device's internal latency {Table 3). Each data result of each 8x1 transform row or column. A second 
me ee Wee timed to ane ps adderoné flag, End Of Block, EOB, delineates transform blocks. EOB 
a a a will go LOW when the last data point of each 8x1 (one 
dimensional mode) or 8x8 (two dimensional mode) 
transform is output. The user can program these flags to 
Latency* | appear with their respective data (FC=0) or one data cycle 
232 clocks _—- a lier (FC=1). Figure 77 shows the overall timing of a 
232 forward 2-D DCT with pre-subtraction and FC=0. Figure 12 


The TMC2311 also provides two output flags to 


Table 3. Data Output Latency 


2-D Transform 


001 2-D Transform 

010 1-D Transform, Transpose 200 shows the overall timing of an inverse 2-D DCT with post 
011 Transpose, 1-D Transform 200 addition and FC=1, demonstrating the timing for inputs to 
100 1-D Transform 56 auxiliary port DXg-o and the shift in flag timing. 

101 1-D Transform 56 


110 Transpose 


Transpose 


*cycles after INIT goes high 
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Figure 11. Overall Timing - Forward Transform (Flag penton 


pl 117 


(0, 0) (0; 1) (X, X) *  (X,X 
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“. 


Notes: 1. DIN 11-9 (i,j) aligned with DX¢-9 (i,j), but alignment with DOUT 4-9 is mode-dependent.. 
2. DOUT11-9 (0,0) is valid on CLK rising edge 116 in two-dimensional transfer modes only. 


Figure 12. Overall Timing - Inverse Transform (Flag Control=1) 


1162 


(0, 0) (1, 0) (X, X) (X, X) (X, X) (X, X} 


(0, 0) (0, 1) (0, 2) (0, 3) 


OE 
> 
(0, 0) (0, 1) 
aaa 


Notes: 1. DXg-g (i,j) precedes DOUT 1-9 {i,j} by two CLK cycles, but alignment with DIN71-9 is mode-dependent. 
2. DOUT1 4-9 (0,0) is valid on CLK rising edge 116 in two-dimensional transform modes only. 
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228 232 236 240 244 
(X, X) (X, X) (X, X) (X, X) (X, X) (X, X) (X, X) (X, X) (X, X) (X, X) 
XXX XXX XXX XXX AKK XXX XXX XXX XXX ARK X? 
(X, X) (X, X) (X, X) (X, X) (X, X) (X, X) (X, X) (X, X) (X, X) (X, X) 


XXX XXX XXX XXX XXK XXX XXX XXX XXX KKK XK? 
(7, 6) (0, 7) (1, 7) (2, 7) (3, 7) (4, 7) (5, 7) (6, 7) (7,7) (0, 0) 


ee —~—s—SS 
a ae 
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AEE Ee ages ETE te a eee 


rn A 


(X, X) (X, X) (X, X) (X, X) (X, X) (X, X) (X, X) 


(X, X) (X, X) (X, X) (X, X) (X, X) (X, X) (X, X) 


XXX_XXX_XXX_ My S XXX_XXX_XXX_XXX_X) 
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Absolute maximum ratings (beyond which the device may be damaged)! 


Supply Voltage 0.0.0.0... ccssesssessesssesseeesseesssteessstesesees see std gota Ai esa WE dsRecain ate ot OENR So sane tease at msn ease strep ecte lta cates —0.5 to +7.0V 
likput Voltage” acsiicidadecnincennasceaniennne deetdtctoee rncetn cies tctee tenon pal ieee Deiat lahat nese i aaa —0.5 to (Vpp + 0.5)V 
Output . . 
F210 [ETC £0 | 222 (gn ORR een ee Tae oP re TOR Poe ae —0.5 to (Vpp + 0.5V) 
POT eC ta NE ai ta apace eva esc cnvs sac tenascin Santas cau dcice a ls tuansaes a iat eke coal eegla na eee ate —3.0 to +6.0mA 
Short Circuit Duration . | 
(single output in HIGH state to QrOUNd) .....ceceesseesesscsesssesseesseesseeesseessessseeeseeseeen oe EERO Pn eT ney Tey 1 second 
Temperature 7 
OUST ALI, ASC acts ie Gick eda Pac caaatdetee ve deinsyacan oul vaensiea patices dhaodacaelaaaes asics ealed ees ean ceseea ete a naneaian vee 60 to +130°C 
UIUC GMs tae okie seid cea descaade dhs ca cada baeatoc sass cap Dats ela iy sda taeda eaccv NGA ee MAA Son SE a +175°C 
Gad; SOlder nig: VO: SOC OS) essa cesaaccecReeschatie sieeve ates uaa ece sa tess eck lca hes ate ta ces demas as seep a eee +300°C 
A102 1|c pee ET ec ro CDT Re ern oe nr ey er ee PR en —65 to +150°C 


Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameter are within specified operating conditions. Functional operation 
under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


Temperature Range 
Parameter | | Min | Nom | Max | Units 


VppD Supply Voltage 4.75 | so | 5.25 V 
tcy | Cycle Time 
TMC2311 37 ns 
TMC2311-1 a ee 
tPWL___ Clock Pulse Width, LOW pos | ts 
ts Input Setup Time | et Se ee Ree en ee 
ViL____ImputVottage,togiclow | | | wT 


lol Output Current, Logic LOW 40 mA 
lOH Output Current, Logic HIGH —2.0 mA 
TA Ambient Temperature, Still Air a ee ee ee ee °C 
Tease Temperature ee ee 


58 ~ TRW LSI Products Inc. 


TMC2311 aintw 


Electrical characteristics within specified operating conditions! 


Temperature Range 


Parameter | Test Conditions | Min =| Max | Units 
IDDa Supply Current, Quiescent2 Vpp=Max, Vin=0V, TS=5V are a mA 


Ippy «Supply Current, Unloaded Vpp=Max, f=30MHz, TS=5V fe aca, smal 130 mA 


HL Input Current, Logic LOW Vpp=Max, Vin=0V ra ee yA 
NH Input Current, Logic HIGH Vpp=Max, Vin=Vpp | +10 A 
VOL Output Voltage, Logic LOW Vpp=Min, Io_=Max ars a V 
VOH Output Voltage, Logic HIGH Vpp=Min, IgH=Max a V 
lOZL Hi-Z Output Leakage Current, Vpp=Max, Vinj=0V Output LOW ae ae ae mA 
l0ZH Hi-Z Output Leakage Current, Vpp=Max, Vin=0V +40 mA 
| Output HIGH 
los Short Circuit Output Current Vpp=Max, Output —45 mA 
HIGH one pin to . . 
ground one second . 
duration max. 
C| Input Capacitance Ta=25°C, f=1MHz a | pF 
Co Output Capacitance Ta=25°C, f= 1MHz a TE | eet pF 
Note: 1. Actual test conditions may vary from those shown above, but guarantee operation as specified. | 
2. Following power-on, the TMC2311 must be clocked for at least 10 clock cycles before the clock is disabled. 
Switching characteristics within specified operating conditions! 
Temperature Range 
Standard 
Parameter Test Conditions | Min’ =| = Max | Units 
tbo Output Delay Vpp=Min, CLoad=40pF ae ae ee ns 
TMC2311 aera eee ee 
TMC2311-1 aes ERAS ER 
TMCZ311-2 ee 
tHO Output Hold Time Vpp=Max, CLoag=40pF Te ae ns 
tENA __Three-State Output Enable Delay Vpp=Min, CLoad=40pF a ae ee ns 
TMC2311 ae: a ee es 
T™C2311-1 aaa aii ey es ee 
TMC2311-2 a ele ee al 
tDISs Three-State Output Disable Delay Vpp=Min, CLoaq=40pF nae oe ns 


Note: 1. All transitions except for tpis and teNA are measured at a 1.5V level. 
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Figure 13. Equivalent Input Circuit - . Figure 14, Equivalent Output Circuit - 
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Applications Discussions Figure 15. Basic System 


Frequency Domain Coding - Basic System 


Frequency domain coding entails partitioning an image into 
(for example) 8x8 pixel blocks, then determining the two- — 
dimensional spatial frequency spectrum of each block. In 
image compression, each component is then quantized by a 
frequency-specific factor, which tends to be smaller (more | | 
precise} for the dominant lower- frequency components CTRL 3.9 = 0000: 2D FORWARD DCT 
and larger (coarser) for the less crucial higher-frequency eee 

‘ ; ; A CODER = HUFFMAN OR ARITHMETIC ENTROPY CODER 24034A 
components. Quantization effects compression by reducing 
the number of bits per frequency bin and by zeroing out 
high-frequency, low-energy bins. Following the quantizer, 
the scaled frequency data are then (arithmetic or Huffman) 
coded into a format that will allow them to be transmitted 
(or archived) even more economically. In particular, the 
JPEG modified Huffman coding represents each string of 
“zeroed out” bins with a compact code. 


CTRL3.9=1000:2DINVERSEDCT = 24035A 


The transmitted images are reconstructed by reversing 

these operations. Coded information is received and 

restored to frequency information through a decoder. The 
received (or retrieved) data then pass through an inverse 
quantizer that restores the most important frequency . 
components, albeit at somewhat grainier than original 

levels. Finally, the image is reconstructed by the inverse — 
DCT. In practice, compression ratios of up to 20:1 can 
provide visually acceptable results with still images. . - . 


The basic compression circuit (Figure 15) shows a sample 
implementation of an intraframe compressor. The system 
contains an encoder comprising the TMC2311 DCT chip, a 
quantizer and a coder. Images are reconstructed ina 
complementary system with a decoder, a dequantizer, and 
a TMC2311 (inverse) DCT chip. 
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Figure 16. Interframe Compression System 
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Interframe Compression 


Figure 16 shows a moving picture extension of frequency 
domain coding, which processes differences between the 
corresponding pixels of successive image frames. 
Interframe compression describes areas of change within a 
moving image by comparing each new frame against 
earlier frames. Prior to the DCT, a block from the new 
frame is subtracted from the corresponding block of the 
previous frame. The resulting differences are transformed, 
quantized, coded, and transmitted. The compressed data 
are then reconstructed by reversing the processing steps: 
decode, dequantize, inverse DCT, then accumulate 
differences from frame to frame. Transforming only these 
differences increases the achievable compression. 
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Linear Predictive Coding System 


Many critical biomedical and defense applications require 
that images be compressed and then restored “losslessly,” 
1.e., without degradation. One technique, referred to as 
Linear Predictive Coding (LPC), has been very effective in 
speech compression. For image compression, LPC entails 
coding the differences between the current and previous 
pixel blocks of the same frame. This technique of 
intraframe compression can be used with or without the 
DCT. Much of the Figure 16 interframe compression 
architecture can also be applied here, although the delay 
block now corresponds to delay within a single frame. 


To obtain lossless compression, the user may code the 
differences between pixel blocks directly, without the DCT. 
This variety of intraframe compression, demonstrated in 
Figure 17, uses just the auxiliary adder of the TMC2311. In 
the forward direction, the differences are computed and 
transferred to the quantizer and coder circuitry where they 
are readied for transmission. In the inverse direction, the 
reconstruction process involves inverse coding and 
quantization, followed by cumulative addition of the image 
differences by the TMC2311's auxiliary adder. 
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Figure 17. Linear Predictive Coding System (No Cosine Transform) | 
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Differential Pulse Code Modulation | Figure 18. Differential Pulse Code Modulation — 


Another linear prediction algorithm, differential pulse code System (No Cosine Transform) 


modulation, (DPCM) uses the differences between ica oes 

individual pixels on each line of the image. These | | | 
differences are quantized, coded and transmitted (or 8 

archived). This technique is also used where lossless 
compression Is required. The system shown in Figure 18 | 
illustrates the use of the auxiliary adder circuit of the 
TMC2311. The device incorporates a special input delay 
path that allows a previous pixel value to be added or Ss et 
subtracted from the current input pixel value. The results : 

are then either fed into the device core to perform a 
transpose function or output directly from the adder. In the 
forward direction the pixel differences are fed to the 
quantizer and coder blocks of the system and transmitted. 
In the inverse direction the coded information Is 
reconstructed by inverse coding followed by inverse 
quantization and finally the accumulation of pixel 
differences in the TMC2311. 


24041A 
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Package Interconnections 


Signal Signal 
Type Name R1 Package Pin 


Power Supply Voltage +5.0V 2 10 17 33 53 68 
GND 0.0V 149 13 18 26 35 52 67 


Clock System Clock 65 
Inputs DIN11-0 44.45 46 47 48 49 50 51 54.55 56 57 


DXg-0 Aux Adder In a 34 36 37 38 39 40 41 42 43 


Outputs pour 
Control Preload 
ISEL 


OSEL Output Select 
Output Enable 


Flag Enable 
cn 0 


Temperature Range | 


<= 
oO 


567811 12 14 15 16 19 20 21 
22 
23 


60 
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3 

62 

32 31 30 29 28 27 25 24 
63 


Control 


Do Not Connect 


2 
Sj 
ao 
_ 


Ordering Information 


Data 
Rate MHz 


Product 
Number 


Package 
Marking 


TMC2311R1C 13.5 STD-Ta = 00°C to 709C Commercial 68 Pin PLCC 2311R1C 
TMC2311R1C1 14.5 STD-Ta = 00°C to 70°C Commercial 68 Pin PLCC 2311R1C1 
TMC2311R1C2 17.8 STD-Ta = 09°C to 70°C Commercial 68 Pin PLCC 2311R1C2 


All parameters in this specification are guaranteed by design, characterization, sample testing to 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy 


TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. and TRW Inc. against all damages. 
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CMOS Coordinate Transformer 
16x16 Bit, 25MOPS 


The TMC2330 VLSI circuit converts bidirectionally 
between Cartesian (real and imaginary) and Polar 
(Magiitude aid pnasey coordinates at up iu Z5IVIOrS 
(Million Operations Per Second). 


In its Rectangular-lo-Polar mode, the TMC2330 can 
extract phase and magnitude information or backward 
“map. from a rectangular raster display to a radial (e.g., 
range-and-azimuth} data set. 


The Polar-lo-Rectangular mode executes direct digital 
waveform synthesis and modulation. With its 32-bit 
phase accumulator, the chip can generate and frequency 
or phase-modulate quadrature sinusoidal waveforms with 


a frequency resolution of 0.006Hz at a 25MHz clock rate. 


The TMC2330 greatly simplifies real-time image-space 
conversions between the radially-generated image scan 
data found in radar, sonar, and medical imaging systems, 
and raster-oriented display formats. 


All input and output data ports are registered, and a 
new transformed data word pair is available at the 
output every 40ns. The user-contigurable phase 
accumulator structure, input clock enables, and 
asynchronous three-state output bus enables simplify 
interfacing. All signals are TTL compatible. 


Fabricated in TRW's OMICRON-C™ one-micron CMOS 
process, the ITMC2330 operates at up to the 25MHz 
maximum clock rate over the full commercial (0 to 70°C) 
temperature and supply voltage ranges, and is available 
in a low-cost 120 pin plastic pin grid array package. The 
MIL-STD-883C version, the TMC2330L5V, is housed in a 
ceramic chip carrier and is specified over the full 
extended (—55 to 125°C) case temperature range. 


Features 
e Rectangular-lo-Polar Or Polar-lo-Rectangular Conversion 
At Guaranteed 25MOPS Pipelined Throughput Rate 


e Polar Data: 16-Bit Magnitude, 32-Bit Input/16-Bit 
Output Phase 


TRW LSI Products Inc. 
PO. Box 2472 
La Jolla, CA 92038 


e 16-Bit User-Selectable Two's Complement Or Sign- 
And-Magnitude Rectangular Data Formats 


e Input Hegister Clock Enables And Asynchronous Output 
Enables Simplify Interfacing 


e User-Configurable Phase Accumulator For Waveform 
Synthesis And Amplitude, Frequency, Or Phase 
Modulation 


e Magnitude Output Data Overflow Flag (In Polar-Io- 
Rectangular Mode] 


e Low Power Consumption CMOS Process 

e Single +5V Power Supply 

e Available In A 120 Pin Plastic Pin Grid Array Package 
e Available In A 132 Leaded CEROQUAD 


Applications 


e Scan Conversion (Phased Array To Raster) 
e Vector Magnitude Estimation 

Range And Bearing Derivation 

e Spectral Analysis 


Digital Waveform Synthesis, Including Quadrature 
Functions 


e Digital Modulation And Demodulation 


TMC2330 Logic Symbol 


DATA INPUTS 


TMC2330 


DATA OUTPUTS 
OERX 


CONFIGURATION CONTROLS OEPY 
2 
ACC (1.0) Z—> PYOUT 115.9) 
TCXY 
OVF 

RTP 21261A 
CLK 
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Functional Block Diagram 


XRIN (15 - 0) ENXR YPIN (31 . 0) ENYP (1,0) ACC 1 ACC 0 
| fa 
rt Cae. 
A. | > bc > | 
Pe 
a || (-e 
16 Sey 
16 4 
r eis, 
oe Sa 
116 16 
g g 
TCXY 
RTP 
D> 4-21 | 
116 rt 16 
> | [| 2<f L2z< 
I 16 rt 16 
RXOUT (45.9)  OVF PYOUT (15. 0) 212624 


Functional Description 


General Information 


The TMC2330 converts between Rectangular (Cartesian) 
and Polar (Phase and Magnitude) coordinate data word 
pairs. The user selects the numeric format and trans- 
formation to be performed (Rectangular-lo-Polar or Polar- 
To-Rectangular), and the operation is performed on the 
data presented to the inputs on the next clock. The 
transformed result is then available at the outputs 22 
clock cycles later, with new output data available every 
40ns. All input and output data ports are registered, with 
input clock enables and asynchronous high-impedance 
output enables to simplify connections to system buses. 


When executing a Rectangular-lo-Polar conversion, the 


input ports accept 16-bit Rectangular coordinate words, 
and the output ports generate 16-bit magnitude and 
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16-bit phase data. The user selects either two's comple- 
ment or sign-and-magnitude Cartesian data format. Polar 
magnitude data are always in magnitude format only. 
Since the phase angle word is modulo 27, it may be 
regarded as either unsigned or two's complement format 
(lables 1 and 2). | | | 


In Polar-lo-Rectangular mode, the input ports accept 
16-bit Polar magnitude and 32-bit phase data, and the 
output ports produce 16-bit Rectangular data words. 
Again, the user selects between twos complement or 
sign-and-magnitude Cartesian data format. The dual 
32-bit phase accumulator input registers are useful in 
signal synthesis applications, storing high-accuracy 
(0.006Hz at the maximum clock rate) phase increment 
values with minimal accumulation error. This allows the 
TMC2330 to generate precision quadrature waveforms 
unattended, once the accumulator has been enabled. 
The flexible input phase accumulator structure supports 
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General Information (cont.) 


frequency or phase modulation, as determined by the 
input register clock enable ENYPy 9 and accumulator 
control word ACC1g. The 16 MSBs (Most Significant 
Bits) of phase data are used in the transformation Itself. 


Signal Definitions 


Power 
Vpop, GND 


Clock 
CLK 


The TMC2330 operates from a single +5V 
supply. All power and ground pins must be 
connected. 


The TMC2330 operates from a single clock. 


All enabled registers are strobed on the 
rising edge of CLK, which Is the reference 
for all timing specifications. 


Inputs/Outputs 


XRIN 45-9 


YPIN34-9 


RXOUT 45-9 


PYOUT 15.9 


Controls 
ENXR 


XRIN15.9 's the registered Cartesian 
X-coordinate or Polar Magnitude (Radius} 
16-bit input data port. XRIN45 is the MSB. 


YPIN31-g Is the registered Cartesian 
Y-coordinate or Polar Phase angle 32-bit 
input data port. The input phase accumu- 
lators are fed through this port In conjunc- 
tion with the input enable select ENYP} 9. 
When RTP is HIGH (Rectangular-To-Polar}, 
the Input accumulators are normally not 
used. The 16 MSBs of YPIN are the input 
port, and the lower 16 bits become ‘don't 
cares’ if ACC=00. YPIN3, is the MSB. 


RXOUT 15.9 is the registered Polar Magni- 
tude (Radius) or X-coordinate 16-bit output 
data port. This output is forced into the 
high-impedance state when OERX=HIGH. 
RXOUT45 is the MSB. 


PYOUT45.9 is the registered Polar Phase 
angle or Cartesian Y-coordinate 16-bit 
output data port. This output is forced 
to the high-impedance state when 
OEPY=HIGH. PYOUT 45 is the MSB. 


The value presented to the input port XRIN 
is latched into the input registers on the 
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current clock when ENXR Is HIGH. When 
ENXR is LOW, the value stored in the 
register remains unchanged. 


ENYP} 


The value presented to the YPIN input port 
~ 1S latched into the phase accumulator input 
registers on the current clock, as deter- 
mined by the control inputs ENYP1 g, as 

shown below: 


Instruction 


No registers enabled, current data held 
M register input enabled, C data held 
C register input enabled, M data held 
M register set to 0, C register input enabled 


01 
10 


where C is the Carrier register and M is 
the Modulation register, and 0O=LOW, 
1=HIGH. See the Functional Block 
Diagram. 


RTP This registered input selects the current 
transformation mode of the device. When 
RTP is HIGH, the TMC2330 executes a 
Rectangular-lo-Polar conversion. When RTP 
is LOW, a Polar-lo-Rectangular conversion 
will be performed. The input and output 
ports are then configured to handle data in 
the appropriate coordinate system. This is a 
Static input. See the Timing Diagram. 


In applications utilizing the TMC2330 to 
perform waveform synthesis and modulation 
in the Polar-lo-Rectangular mode (RTP = 
LOW), the user determines the internal 
phase Accumulator structure implemented 
on the next clock by setting the accumu- 
lator control word ACC, g, as shown below: 


ACC) Q 


ACC 9 Configuration 


No accumulation performed 
PM accumulator path enabled 
FM accumulator path enabled 
(Nonsensical) logical OR of PM and FM 


01 
~ 10 


where 0=LOW, 1=HIGH. See the 
Functional Block Diagram. 


The accumulator will roll over correctly 
when full-scale is exceeded, allowing the 
user to perform continuous phase accumu- 
lation through 22 radians, or 360 degrees. 
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Controls (cont.) 


ACC g 
(cont.} 


TCXY 


Note that the accumulators will also func- 
tion when RTP=HIGH (Rectangular-lo- 
Polar), which is useful when performing 
backward mapping from Cartesian to polar 
coordinates. However, most applications will 
require that ACC 1 be set to 00 to avoid 
accumulating the Cartesian Y input data. 


The format select control sets the numeric 
format of the Rectangular data, whether 
input (RTP=HIGH] or output (RTP=LOW). 
This control indicates two's complement 
format when TCXY=HIGH, and sign-and- 
magnitude when LOW. This is a static 
input. See the Timing Diagram. 


When. RTP=LOW (Polar-To-Rectangular), the 


Overflow Flag will go HIGH on the clock 
that the magnitude of either of the current 
Cartesian coordinate outputs exceeds the 
maximum range. It will return LOW on the 
clock that the Cartesian out-put value(s) 
return to full-scale or less. See the 
Applications Discussion section. Overflow 
is not possible in Rectangular-lo-Polar mode 
(RTP=HIGH). 


Data in the output registers are available 
at the outputs of the device when the 
respective asynchronous Output Enables are 
LOW. When OERX or OEPY is HIGH, the 
respective output port(s) is in the high- 
impedance state. 


Package Interconnections 
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Signal Signal 


Name 
Power Vop Supply Voltage 
GND Ground 


Inputs XRIN 15.9 


Outputs RXOUT 5-0 


Controls ENXR 


No Connect | NC 


CLK ~ | System Clock 


X or Radius Data 


YPIN31_9 Y or Phase Data 


Radius or X Data 


PYOUT;5_9 | Phase or Y Data 


4 =.) 

ip) 2 
~ 

=< 


H5 Package Pins 
C3, E3, H3, L4, L6, L8, L11, F11, E11, 1, 9, 21, 37, 45, 53, 67, 87, 91, 99, 
C11, C8, C6 112, 120 
D3, E2, F2, G3, K3, L3, L7, K11, J11, 5, 11, 14, 17, 29, 33, 49, 75, 83, 89, 
G11, E12, D11, C10, C9, C7, C5, C4 95, 104, 108, 116, 124, 129 
E 


F12, F13, G13, G12, H13, H12, H11, J13, 
J12, K13, K12, L13, L12, M13, M12, N13 
L10, N12, N11, M10, L9, N10, M9, N9, | 61, 60, 59, 58, 57, 56, 55, 54, 52, 51, 
M8, N8, N7, M7, N6, M6, N5, M5, N4, | 50, 48, 47, 46, 44, 43, 42, 41, 40, 39, 
L5, M4, N3, M3, N2, M2, N1, L2, Mi,” | 38, 36, 34, 31, 30, 28, 27, 26, 25, 24, 
Li, K2, J3, K1, J2, J1 


D13, D12, C13, B13, C12, A13, B12, A12, 
Bi1, Al1, B10, A10, B9, A9, B8, A& 
A7, A6, B6, A5, B5, A4, B4, A3, A2, B3, | 117, 118, 119, 121, 122, 123, 125, 


Ai, B2, B1, C2, C1, D2 


X or Radius in Enable JM11_ 


L5 Package Pins 


86, 85, 84, 82, 81, 80, 79, 78, 77, 76, 
74, 73, 71, 69, 68, 66 


23, 22 


90, 92, 93, 94, 96, 97, 100, 102, 105, 
106, 107, 109, 110, 111, 113, 114 


126, 127, 130, 132, 3, 4, 6, 7, 8 


OVF Overflow Flag 


ENYP;Q | Y or Phase In Enable 18, 16 
TP Conversion Select 12 
ACC) 9 Accumulate Control 20, 19 
Cartesian Data Format 15 
OERX Radius or X Out Enable 88 


No Connect Pins 


Index Pin 


2, 32, 35, 62, 64, 65, 72, 98, 101, 
103, 128, 131 
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Static Control Inputs 


The controls RTP and TCXY determine the transformation formed results will not be seen the at the outputs until 
mode and the assumed numeric format of the Rectan- the entire internal pipe (22 clocks) has been flushed. 
gular data. The user must exercise caution when Thus, these controls are considered static. 

changing either of these controls, as the new trans- 


Table 1. Data Input/Output Formats — Integer Format 


Bit # 
Port RTP TCXY 31 30 29 «wi wtCOSMN 5 4 ... +0 Format 
XRIN 0 X 219 ON ge on DU U 
XRIN 1 0 NS 214 20. S 
XRIN 1 1 21s 2l4 20 T 
YPIN 0 Xx +20. 7a 72 0, 216 oF 81 xa TIU 
YPIN 1 0 NS 214 213 20. S 
YPIN 1 1 _215 = 9/4 23 T 
RXOUT 0 0 NS 214 20 S 
RXOUT 0 1 215 214 20 T 
RXOUT 1 Xx 219 214 20 U 
PYOUT 0 NS 24 2 | 20. S 
PYOUT 1 215 24 9 T 
PYOUT 1 X +20. 21 ot xa) TIU 
Table 2. Data Input/Output Formats — Fractional Format 
Bit # 

Port RTP TCXY 31 30 29. «w wtCSM6 15 4 62.C«w CO Format 
XRIN 0 X 20. gt x SgRtS U 
XRIN 1 0 NS / ne S 
XRIN 1 1 20. ato 8 T 
YPIN 0 Xx +20. q7| 200 gl 216 oP 81 ix T/U 
YPIN 1 0 NS ha 272 q-15 S 
YPIN 1 1 _ 20 jal 9-2 9715 T 
RXOUT 0 0 NS. S 
RXOUT 0 1 — 20. T 
RXOUT = 1 X 20 U 
PYOUT 0 0 NS. S 
PYOUT 0 ~ 20. T 
PYOUT 1 X +20 
Notes: 1. =2'9 denotes two's complement sign bit. 6. Formats: 

2. NS denotes negative sign, i.¢., ‘1’ negates the number. T=Two's Complement 

3. +29 denotes two's complement sign or highest magni- S= Signed Magnitude 


tude bit — since phase angles are modulo 2x and U= Unsigned 
phase accumulator is modulo 232, this bit may be 


regarded as +m OF —7. 


4. All phase angles are in terms of a radians, hence 
notation ‘x7. 


5. lt Acc =00, YPIN (15-0) are “don’t cares.” 
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Figure 1. Timing Diagram — No Accumulation 


<—tey tpWH | TPWL | | | | 


—> ts \x—. | een 
~ RTP TCXY 
I | | A AA es 
ACC (19) 00 00 


—->Ig| ty x | eres 
ENXR, ENYP (1,0) x XXX x X XXX EN) os 
om | 


| 
XA 5-0 YPN ar = XXXXK * XXX 8) a tp 
| | | <> <—$ tho 
RXOUT (45.9)! PYOUT 15.) : XX) XX XK 


Sey | | | | 
Note: 1. OERX, OEPY = LOW 21263A 


Figure 2. Timing Diagram — Phase Modulation 


0 1 2 3 4 5 6 22 23 24 25 


RTP, TCXY XX | | Sins 
VJ VJ V V 
XK AK XY 


ENXR 1 0 0 0 0 0 0 


wo XX * XXXXXXXKXKXXEXKXXEXKKKEKKE 


vc.) AK XK AK XK XX AK XK XX 
vow KX XX | XK! XX * XK" XK AK "XX | 
Pout a KAS KK KICK LX 


Notes: 1. OERX, OEPY = LOW. 
2. Carrier C and amplitude R loaded on CLK 0. 
3. Modulation values |, J, K, L,... loaded on CLK 1, CLK 2, ete. 
4. Output corresponding to modulation loaded at CLK i emerged tpg after CLK i + 21. 
5. To modulate amplitude, vary XRIN with ENXR = 1. 
21264A 
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Figure 3. Equivalent Input Circuit Figure 4. Equivalent Output Circuit 


Vpp Vpop 


n SUBSTRATE n SUBSTRATE 


D1 
p 
pt 
CONTROL 
INPUT 
nt 
Se D2 
p WELL 
. GND 
21120A 21121A 


OEXR, OEYP 


THREE-STATE 


OUTPUTS HIGH IMPEDANCE 


0.5V 21265A 


Absolute maximum ratings (beyond which the device may be damaged) | 


SUPPLY: WON Ge cass cseste ets cuaelaaa ac guedcenes ea atnaee sousrecadaued attets elated act casein deta yeasty eens cena oun Peatileacecs ee rere —0.5 to +7.0V 
POPE UNE= VOLE AI Ga isc ccaehts sss bs dessus tress Onsen ais lukas teanscam cad cdiche ph vcs Races bes Sees RAC Naenad datas aw ano aud aeSuneauiaae ~—0.5 to (Vpp +0.5)V 


Output Voltage 


PG: WON AG secs ctet teas: cocineeces Sours te teed na bina icaae nsaseenintstand eoeaald asa este avon nae a eeenercatnalte —0.5 to (Vpp+0.5)V ” 
FORE CU CUIRRENt iclicticractgte tbat Sea har ceria ue len fea eit ace chk ur ciate Late faut cae acai el el be dea —6.0 to 6.0mA 24 
Short-circuit duration (single output in HIGH state to Ground) oc ccsscsesssescssesesecsscssscesssssesscsnescssssssssessssssseteseuenss 1 Second 
Temperature 
PSF ALG: CASE cide sccvtcevene ize sesaseig ac besasatons encuin caaavasin oe ost ecandcasna be aan Sanuta ade ecneeaaearemeanasttadan ena cateaeaonnaitins —60 to +130°C 
RIV EMD a ec teed acs Ae aie cl Sat sheet a capa ade deta eaten abot aa acl an eeven nee otadan eee Paiste 175°C 
Lead, soldering (10 seconds) .............. del a este Rca AAs aca ve nce pet coke SysOUIMER At ata Sh fe DRA Bh daada cerca ahcatn ca fis beutt acute ie 300°C 
OU A priate scinansescern eevee exec cts trast eatin ser igs toch anette cauain statin eieae date nae ee aoe acienea tus snadtaeedountioet —65 to +150°C 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
Forcing voltage must be limited to specified range. 

4, Current is specified as conventional current flowing into the device. 
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a A INV 
Operating conditions 
Temperature Range 
Standard Extended 
Parameter Test Conditions [Win | Max | Min [| Max | Units 
TwcaaoT [| @ | +f 8 |_| os 
tpn Clock Pulse With, HGR Vop=Min [|e || 8 [|_| 1s 
LS 
ig Input Hold Time fee ee 
Electrical characteristics within specified operating conditions | 
Temperature Range 
Standard Extended 
Parameter Test Conditions | Min | Max | Min | Max | Units 
| Ippq Supply Current, Quiescent Vpp = Max, Vin = 0V a a mA 
Ippy Supply Current, Unloaded Vop= Max, f=20MHz 
i OERX and OEPY=Vpp 160 mA 
nt Input Current, Logic LOW Vpp = Max, Vin = OV Pre mee pA 
ly Input Current, Logic HIGH Vpp= Max, Vin=Vpp ae eS ee uA 
Vo_ Output Voltage, Logic LOW Vpp=Min, Ig, =Max a ee 
Voy Output Voltage, Logic HIGH Vop=Min, Igy =Max | 24t 0 T24t| V 
loz. Hi-Z Output Leakage Current, Output LOW | Vpp=Max, Vij =0V | | -40 J [40 | nA 
lozy Hi-Z Output Leakage Current, Output HIGH | Vpp=Max, Viy=Vop FT 40 Ts] 40 A 
los Short-Circuit Output Current Vpp = Max, Output HIGH, one pin to | —20 —20 pA 
ground, one second duration max. 
C Input Capacitance Ty = 25°C, f=1MbHz Ff to ft | pF 
Co Output Capacitance Ty = 25°C, f=1MHz a a a pF 
Note: 1. Actual test conditions may vary fram those shown, but specified operation is guaranteed. 
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TMC2330 


Switching characteristics within specified operating conditions 


Parameter 


tp Output Delay 


tuo Output Hold Time 


[in| Max | in| 
| Von=Min,Gyonp=aove | | | 
ica EE ae 
er ee ee 


Vpp = Max, Ci gap = 40pF 


Temperature Range 


Units 


ns 


tena Output Enable Delay 


tpis Output Disable Delay 


Vop=Min, Ci gap =40pF as 
TMC2330-1 Es cea 
Vpp=Min, Cigap=400F | 
ce 


PM 
3 
ee ae 
a 
15a 
psec 


a ae 

i a a 

i r 
13 


— 
a a 


Applications Discussion 


Numeric Overflow 


Because the IMC2330 accommodates 16-bit unsigned 
radii and 16-bit signed Cartesian coordinates, Polar-Io- 
Rectangular conversions can overflow for incoming radii 
greater than 32767=7FFFh and will overflow for all 
incoming radii greater than 46341=B505h. (In signed 
magnitude mode, a radius of 46340 = B504h will also 
overflow at all angles.) The regions of overflow and of 
correct conversion are illustrated in Figure 6. 


In signed magnitude mode, overflows are circularly 
symmetrical — if a given radius overflows at an angle 
Pit will also overflow at the angles w—P 2+P, and 
—P. This is because —X will overflow if and only if X 
overflows, and —Y will overflow if and only if Y 
overflows. 


In two's complement mode, the number system's asym- 
metry complicates the overflow conditions slightly. An 
input vector with an X component of —32768=8000h 
will not overflow, whereas one with an X component of 
+ 32768 will. Table 3 summarizes several simple cases 
of overflow and near-overflow. 


Numeric Underflow 


In RIP=1 (Rectangular-lo-Polar mode}, if XRIN=YPIN = 
0, the angle is undefined. Under these conditions, the 
TMC2330 will output the expected radius of 0 (RXQOUT= 
0000) and an angle of 1.744 radians (PYOUT= 4707). 
This angle is an artifact of the CORDIC algorithm and Is 
not flagged as an error, since the angle of any O length 
vector Is arbitrary. 


Table 3a. X-Dimensional Marginal Overflows 


OV RXOUT 


TC YPIN CORRECT X 


0 0000=0 1 0000= +0 + 32768 
0 8000=7 1 8000=-—0 — 32768 
1 0000=0 1 8000= — 327/68 + 32768 

0 8000= — 32768 — 32768 


In all cases, RTP=O (Polar-lo-Rectangular mode) and 
XRIN = 8000 (incoming radius = 32768). 
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Table 3b. Maximal Overflow (Radius In= 65535) 


TC YPIN OV RXOUT 


CORRECT X 
+ 65535 


0 0000=0 1 7FFF= +32767 

0 8000=7 1 FFFF= —32767 — 65535 
1 0000=0 1 FFFF=—1 + 65535 
1 1 0001= +1 — 65535 


In all cases, RIP=O (Polar-lo-Rectangular mode) and 
XRIN=7FFF (incoming radius= 65535, which will always 
overflow). 
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Figure 6. First Quadrant Coordinate Relationships | 


65535 


If R < 32768, overflow will not occur (region A). . 
If R > 32767, overflow will occur (region C) if |X| > 32767 or |Y| > 32767. 
If R > 32767, overflow will not occur (region B) if |X| < 32768 and |Y| < 32768. 


x ————_> 32767 65535 ) 21266A 


Performing Scan Conversion with the TMC2330 


Medical Imaging Systems such as Ultrasound, MRI, and §=TMC2301 Image Resampling Sequencer, a minimum 


PET, and phased array Radar and Sonar systems gen- chipcount Scan Converter can be implemented which 
erate radial-format coordinates (range or distance, and utilizes the trigonometric translation performed by the 
bearing) which must be converted into raster-scan format TMC2330 to backwards-map from a Cartesian coordinate 


for further processing and display. Utilizing the TRW set into the Polar source image buffer address space. 


Figure 7. Block Diagram of Scan Converter Circuit Utilizing TMC2330 and TMC2301 Image Resampling 
| Sequencer | 7 


3 | 
| | SOURCE 
TMC2330 R IMAGE 
COORDINATE PN BUFFER 
TRANSFORMER 
DATA OUT 


- TMC2208 MULTIPLIER-ACCUMULATOR 
(2) TMC2301 OR OR 


(2) TMC2302 IMAGE TMC2246 PIXEL INTERPOLATOR 
RESAMPLING SEQUENCERS . 


DATAIN 
(4) TMC2011 


DELAY 


REGISTER 


TARGET 
IMAGE 
~ BUFFER sd 
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As shown in Figure 7, the TMC2330 transforms the © ‘The results of the 10,000-vector study were as follows: 
Cartesian source image addresses from the TMC2301 


directly to vector distance and angle coordinates, while © aa te “i a ant a 
the TMC2301 writes the resulting resampled pixel values ss ae Error (X) & ees ISB 
into the target memory in raster fashion. Note that the ee Raine ae (Y = 0664 LSB 
ability to perform this spatial transformation in either R ey ee ae y = 1025 LSB 
direction gives the user the freedom to process images ie ae ste a . = 1020 LSB 
in either coordinate space, with little restriction. Image se on Ny a +4/—5 LSB 
manipulation such as zooms or tilts can easily be Max Error (Y| iG) A SB 


included in the transformation by programming the 
desired image manipulation into the TMC2301's 


transformation parameter registers. Since this is a double conversion (rectangular to polar 


and back) which includes a wide variety of ‘good case” 
and ‘bad case’’ vectors, the chip should perform even 


Statistical Evaluation of Double Conversion 
better in many actual systems. Repeating the experiment 


In this empirical test, 10,000 random Cartesian vectors and restricting the original data set to an annulus defined 
were converted to and from polar format by the by 8196 <R<32768 reduced the mean square error to 
TMC2330. The resulting Cartesian pairs were then 0.89 LSB and the peak error to +4LSB (x or y). These 


compared against the original ones. The unrestricted data latter results are more germane to synthesizer, demodu- 
base represents uniform sampling over a square bounded lator, and other applications in which the amplitude can 
by —32769<x<32768 and —32769<y <32768. be restricted to lie between quarter and full scale. Gz 


STD-Ta=0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 
STD—T,=0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 
EXT—Te= —55°C to 125°C - MIL-STD-883B 132 Leaded CEROUAD 
EXT—Te = —58°C to 125°C MIL-STD-883B 132 Leaded CERQUAD 


Ordering Information 


Product 
Number 


TMC2330H5C1 
TMC2330H5C 


TMC2330L5V1 
TMC2330L5V 


Package 
Marking 


2330H5C1 
2330H5C 


2330L5V1 
2330L5V 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LS! Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Pin Assignments - — 120 Pin Plastic Pin Grid Array, H5 Package 


i [le [rele [Pe] Ree [re eee [ra te [eee Name 


3] O80 O 000 
21 O00 e000 
11000 000 
10] OOO 000 
3 000 000 
8s} 00 O 000 
ooo| RE loo 
6} O00 O 000 
5} O00 O 000 
4, 00 0 000 
31 00 O ©00000 
21000 ©00000 
1iLooo ©00000 

ABCDEFGHJKLMN 
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Pin Assignments — 132 Leaded CERQUAD, L5 Package 


1 Vop YPIN, Vop RXOUT>4 
2 NC _ YPIN» : YPINy9 . VDD 
3 PYOUT, 25 YPIN3 47 YPIN49 113 RXOUT 
4 PYOUT3 26 YPINg 48 YPINog 114 RXOUT 9 
5 GND 27 YPINe 49 GND 115 OVF 
6 PYOUT> 28 YPINg 50 YPIN»4 116 GND 
7 PYOLIT. 29 GND 51 YPINo» 117 PYOUT 15, 
8 PYOUTg 30 YPIN7 52 YPIN93 118 PYOUT 44 
9 Vpp 3 YPINg 53 Vop 119 PYOUT 43 
10 OEPY 32 NC 54 YPIN54 120 Vpp 
11 GND 33 GND 55 YPIN9s5 121 PYOUT 49 
12 RTP 34 YPINg 56 YPIN5¢ 122 PYOUT 1, 
13 CLK 35 ~ NC 57 YPIN97 123 PYOUT 49 
14 GND 36 YPIN 4 58 YPIN9g 124 GND 
15 TCXY 37 Vop 59 YPIN9g 125 PYOUTg 
16 ENYP5 38 YPIN 44 60 YPIN39 126 PYOUTg 
17 GND 39 YPIN 49 61 YPIN3, 127 PYOUT7 
18 ENYP, 40 YPIN 43 62 NC 128 NC 
19 ACC 4| YPIN 44 63 ENXR 129 GND 
20 ACC, 42 YPIN 45 64 NC 130 PYOUT. 
21 Vpp 43 YPIN 6 65 NC 131 NC 
22 YPINg 44 YPIN47 66 XRINg 132 PYOUTs 


132 100 


PIN 1 IDENTIFIER 


99 


TOP VIEW 


33 67 


34 66 
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Correlators ry 


TRW is the industry-leader in correlators for high-performance communications, signal, radar and image 
processing applications. Correlators measure the similarity between two digital signal streams, which is 
key to pattern recognition and data synchronization applications. All TRW correlators are TTL 
compatible. 
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Correlators «Trew 


Clock 
| Rate! Power! - | 7 | a —- 
Product Description Size (MHz) (Watts) Package © Grades 2 . Notes Page 
TDC2023-1 Correlator 64x 1 30 0.4 B2, B724 Pin DIP C, V, SMD Pin Compatible with TDC1023. G5 
C3 =. 28 Contact CC V, SMD Threshold Flag. 
- 25 0.4 B2,B7 24 Pin DIP C, V, SMD G5 
C3. = 28 Contact CC V, SMD 
TMC2220-1 Correlator 4x 32 20 0.3 G8 69 Pin PGA C,V Programmable. G17 
H8 69 Pin PPGA C Optional 1&0 Modes. 
- 17 0.3 G8  =69 Pin PGA C,V 
H8 69 Pin PPGA C 
T™MC2221-1 Correlator 1x 128 20 0.3 B6 = 28 Pin DIP C,V Programmable. G17 
- 17 0.3 B6 = 28 Pin DIP C,V 


Notes: 1. Guaranteed. See product specifications for test conditions. 
2. C=Commercial, Ta =0°C to 70°C. 
V=MIL-STD-883 Compliant, Tp = —55°C to 125°C 
SMD =Available per Standardized Military Drawing, Tp = —55°C to 125°C. 


N 
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TDC1023 
Use TMC2023 tor New Designs 


Digital Output Correlator 
64-Bit 


The TRW TDC1023 Is a monolithic, all-digital 64-bit e Available In 24 Pin DIP 
correlator with a /-bit three-state buffered digital output.  Qutput Format Flexibility 


This a davica eancicts of throo GA hit indanandaontl alanlba 


uy CiOCKCG 
shift registers, one 64-bit reference holding latch, and a = eee 


64-bit independently clocked digital summing network. 
The device is capable of a 1/MHz parallel correlation 
rate. e Check Sorting Equipment 


e High-Density Recording 

e Bar Code Identification 

Radar Signature Recognition 
Video Frame Synchronization 
Electro-Optical Navigation 

Pattern And Character Recognition 
e Cross-Correlation Control Systems 
e Error Correction Coding 


The reference word is serially shifted into the B register. © Asynchronous Communication 
By clocking the R latch, the data ts parallel-loaded into 
the R reference latch. This allows the user to serially , ; 
load a new reference word into the B register while Functional Block Diagram 
correlation is taking place between the A register and R 
latch. The two words are continually compared bit-for-bit 


by exclusive-OR circuits. Each exclusive-OR provides one | | & [eee Agut CLK S 
bit to the digital summer. The output is a 7-bit word 


representing the sum of positions which agree at any 
one time between the A register and R latch. rns 

i STAGES) 
A control provides either true or inverted binary output a | 
formats. 
Features up eS 

TFLG 

e 17MHz Correlation Rate . 


LD i 
¢ TTL Compatible j Sins sas EJ 7, 
© All Digital — Co on eee [el a 
e Single +5V Power Supply Min ; f 
e Serial Data Input, Parallel Correlation Output ae T=): sos Ma ye + 
e Programmable Word Length ani 0 


Applications 


The 7-bit threshold register allows the user to preload a 
binary number from 0 to 64. Whenever the correlation is 
equal to or greater than the number in the threshold 
register, the threshold flag goes HIGH. 


The 64-bit mask shift register (M register} allows the = 
user to mask or selectively choose ‘‘no compare’’ bit 
positions enabling total word length flexibility. 


e Independently Clocked Registers 
3 
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CMOS Digital Output Correlator 
64-Bit, 30MHz 


The TMC2023 is a monolithic 64-bit correlator with a 
7-bit three-state buffered digital output. This device con- 
sists of three 84-bit indenendently clocked shift registers, 
one 64-bit reference holding latch, and a 64-bit indepen- 
dently clocked digital summing network. The device is 
capable of a 30MHz parallel correlation rate. 


The 7-bit threshold register allows the user to preload a 
binary number from 0 to 64. Whenever the correlation Is 
equal to or greater than the number in the threshold 
register, the threshold flag goes HIGH. 


The 64-bit shift mask register (M register) allows the 
user to mask or selectively choose “no compare’ bit 
positions enabling total word length flexibility. 


The reference word Is serially shifted into the B register. 
By clocking the R latch, the data is parallel-loaded into 
the R reference latch. This allows the user to serially 
load a new reference word into to the B register while 
correlation is taking place between the A register and 
the R latch. The two words are continually compared bit- 
by-bit by exclusive-OR circuits. Each exclusive-OR provides 
one bit to the digital summer. The output is a 7-bit word 
representing the sum of positions which agree at any 
one time between the A register. and R latch. A control 
provides either true or inverted binary output formats. 


Built with TRW's one-micron double level metal 
OMICRON-C™ low power CMOS process, the TMC2023 
is available in a 24 pin CERDIP package and 28 contact 
chip carrier. The CMOS TMC2023 is pin compatible with 
the bipolar TDC1023. 


Features 


e 30MHz Correlation Rate (Worst Case Commercial) 
e All Inputs And Outputs TTL Compatible 


e Programmable Word Length 
e Independently Clocked Registers 


serial Data Input, Parallel Correlation Output 


e Programmable Threshold Detection And Flag Output 


Carrier 


© Available In 24 Pin CERDIP And 28 Contact Chip 


e Available To Standard Military Drawing (SMD) 


e Pin Compatible With TDC1023 
e Output Format Flexibility = 
e Three-State Outputs 

e Low Power CMOS 


Applications | 


e Check Sorting Equipment 

e High Density Recording 

e Bar Code Identification 

e Radar Signature Recognition 

e Video Frame Synchronization 

e Electro-Optical Navigation 

e Pattern And Character Recognition 
e Cross-Correlation Control Systems 
Error Correction Coding 
Asynchronous Communication 
Matched Filtering 
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Functional Block Diagram 
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Functional Description 


General Information 


The TMC2023 consists of an input section and an out- 
put section. The input section contains the A, B, and M 
registers, an R latch, XOR/AND logic and a pipelined 
summer network. The output section consists of thresh- 
old, inversion and three-state logic. 


Signal Definitions 


Power 


Vpp, GND The TMC2023 operates from a single +5V 


Control 
INV 


TS 


LDR 


Clocks 


CLK A, 
CLK M, 
CLK B 


CLK T 


supply. All Vpp and GND pins must be 
connected. 


Control that inverts the 7-bit digital output. 


When a HIGH level is applied to this pin, 
the outputs lOg.¢ are logically inverted. 
see the Timing Diagrams for setup and 
hold requirements. 


The three-state control enables and dis- 
ables the output buffers. A HIGH level 
applied to this pin forces outputs into the 
high-impedance state. This control also 
allows loading of the internal threshold 
register. 


Control that allows parallel data to be 
loaded from the B register into the 
reference latch for correlation. If LDR is 
held HIGH, the R latch is transparent. 


Input clocks. Clock input pins for the A, M, 


and B registers, respectively. Each register 
may be independently clocked. 


_ Threshold register clock. Clock input used 


to load the T register. 
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CLK S 


Data Inputs 
MIN 


AIN, Bin 


71tw 


Digital summer clock. Clock input that 
allows independent clocking of the 
pipelined summer network. 


Mask Hegister Input. Allows the user to 
choose “no-compare’’ bit positions. A “0” 
in any bit location will result in a no- 


compare state for that location (bit position 


masked). 


shift register inputs to the A and B 64-bit 
serial registers. 


Data Outputs 


100-6 


TFLG 


BOUT. 
AQUT: 
MOUT 


No Connect 
NC 


Bi-directional data pins. When Outputs are 
enabled (TS LOW), data is a 7-bit binary 
representation of the correlation between 
the unmasked portions of the R latch and 
the A register. [Og is the MSB. These pins 
also serve as parallel inputs to load the 
threshold register. Data present one setup 
time before CLK T goes HIGH will be 
latched into the threshold register. 


The TFLG output goes HIGH whenever the 


correlation score is equal to or greater than 
the number loaded into the T register (0 to 


64). 


shift register outputs of the three 64-bit 
shisft registers: B, A, and M, respectively. 
These outputs may be used to cascade 
multiple devices. 


These pins are not functional and should 
be left unconnected. — 


Cu 
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Package Interconnections 


Signal Signal ee : 
Type Name B2, B7 peeneye Pins C3 Package Pins 
ae Supply voliage | aL ae 
Control g 
| 1S | __Three-State. Enable ee Serene 10 
ee a: as 25 
Clocks CLK A A Register Clock oe See 26° 
CLK M M Register Clock aie: ieee! 21 
CLK B B Register Clock a: eee 28 
CLK T Threshold Register Clock ee ee te ee 7 
CLK S Digital Summer Clock ee SESE 8 
eee 
ps SPiN: == J) Sh Register Input ie eee 6 
Data Outputs tp | _corlien See__ 1011.18 1,1 11, 12, 13, 14, 1, 16, 17 
| TLE | Threshold Flag zi 
Bout | _Shit Register B Zz 
‘Agur__| Shift Register A —ir— 2 


Timing Diagrams 
Continuous Correlation 


The TMC2023 contains three 1 x 64 serial shift registers 
(A, B, and M}. The operation of these registers is iden- 
tical and each has Its own input, output, and clock. As 
shown in the timing diagram (Figure 1), valid data Is 
loaded into register A (B, M) on the rising edge of CLK. 
A (CLK B, CLK Mj. Data is valid if-present at the input 
for a setup time of at least ts before and a hold time of 
ty after the rising clock edge. 


The summing process is initiated when the comparison 
result between the A register and R latch is clocked into 
the summing network by a rising edge of CLK S. Typi- 
cally, CLK A and CLK S are tied together so that a new 
correlation score is computed for each new alignment of 
the A register and R latch. When LDR goes HIGH, the 

contents of register B are copied into the R latch. With 
LDR LOW, a new template may be entered serially into 


register B, while parallel correlation takes place between 
register A and the R latch. In the case of continuous 
correlation, LDR is held HIGH so that the R latch con- 
tents continuously track those of the B register. 


The summing network consists of three pipelined stages. 
Therefore, the total correlation score for a given set of A 
and B register contents appears at the summer output 
three CLK S cycles later. Data on the output pins 10g-¢. 
is available after an additional propagation delay, denoted 
tp on the timing diagram (Figure 1). 


The correlation result is compared with the contents of 
the threshold register. TFLG goes HIGH if the correlation 
equals or exceeds the threshold value. TFLG is valid after 
a delay of tp (ns) from the third CLK S rising edge. 
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Figure 1. Continuous Correlation 
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Cross Correlation 
When LDR goes HIGH, the B register contents are CLK A and CLK S can be tied together. This allows a 
copied into the reference latch (R latch). This useful new correlation score to be computed for each shift of 


feature allows correlation to take place between data in ‘the A register data relative to the fixed reference word 
the R latch and the A register while a new reference is _ in the R latch. The digital summer is internally — 


being serially clocked into the B register. If the new partitioned into three pipelined stages. Therefore, a 

reference is n bits long, it requires n rising edges of CLK correlation score for a particular alignment of the A TG 
to load this data into the B register. For the timing register data and the R latch reference appears at the 

diagram (see Figure 2), n=64. LDR is set HIGH during summer output three CLK S cycles later. After an 

the final (nth) CLK B cycle, so that the new reference additional output delay of tp (ns), the correlation data is 


word is copied into the R latch. The minimum LOW and valid at the output pins (IOp-g}. If this correlation result 

HIGH level pulse widths for LDR are shown as tpyy, (ns) is equal to or exceeds the value in the threshold register, 

and tpyH Ins), respectively. then TFLG goes HIGH. TFLG Is valid tp (ns) after the 
third rising edge of CLK S. 

After the new reference is loaded, the data to be 

correlated is clocked through the A register. Typically, 


Figure 2. Cross-Correlation 
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Threshold Register Load 


The timing sequence for loading the threshold (T) register external source. After a delay of tpi. (ns) from the time 


is shown in Figure 3. The T register holds the 7-bit _ TS goes HIGH, the output buffers are disabled. The data 
threshold value to be compared with each correlation pins 109-6 may then be driven externally with the new 
result. The rising edge of CLK T loads the data present threshold data. The data must be present for a setup 
on the 109-6 pins into the T register. T flag logic is —_time of ts (ns) before and ty (ns) after the rising edge 
pipelined 3 stages, with the summer, The new value of CLK T for correct operation. The minimum LOW and 


loaded into the threshold register will affect the TFLG on HIGH level pulse widths for CLK T are ‘shown below as 
the third CLK S (plus an output a! tp) [ee the T tPWL (ns) and tpyyH (ns), rue 
register load. 

| - After TS is set LOW, there is an enable delay of tENA 
The output buffers must be in a rigiisieadanee State (ns) before the internal correlation data is available at 
(disabled) when the T register is programmed from an_ pins l09-¢. 


Figure 3. Threshold Register Load _ 
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tn ROKK KKK A WK i: anne “6 
ns SXXXEXEXKK ON > 
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LDR = HIGH NEW THRESHOLD 


Invert Control Timing | 


Most applications will hardwire the INVert control HIGH should observe the following timing constraints: 
or LOW ae 4 ee In te te 1) Set INVERT to the desired state for the next out- 

— Situations on ich the ue is used dynamically, the put on or before the rising edge of CLOCK (Figure 
user must observe special timing constraints. 4). If INVERT is asserted a few nano-seconds after 
the rising edge, the data output may be corre- 

spondingly delayed. 
2) More importantly, keep INVERT in the desired state 
data and other controls. The device will respond to» - until after the falling edge of CLOCK, to avoid COr- 
changes on INV whenever CLOCK is HIGH and wil POPC e: OULD ata NER Is Svanget sey 
ignore it when CLOCK is LOW. To minimize the data eral nanoseconds before the falling edge of CLOCK, 


output delay and to avoid inducing errors, the user the data will likewise change. If it is changed just 
before the falling edge, an indeterminate output 


may result. 
10 -  TRW LSI Products Inc. 


Because INVERT governs logic located between the 
master and slave latches of the data output register, its 
setup and hold requirements differ from those of the 


TMC2023 
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Figure 4. Invert Control Timing 


Ww XK vain KX 
Mask Register 


In addition to the A and B shift references, the 
TMC2023 has another independently clocked register: 
the M, or mask register. The M register functions identi- 
cally to the A and B register, except that its parallel out- 
puts are ANDed with the exclusive-ORed outputs from 
the A register and R latch. 


Many uses of the TMC2023 digital correlator require dis- 
abling the correlation between certain bit positions (A; 
and Rj) of input words A and R. While correlation data 
is being clocked into the A and/or B register, a mask 
word may be entered into the M register. Where no 
comparison is to be made, zeroes are entered in those 
M register positions: The exclusive-OR result between 
each bit position is ANDed with a bit from the M regis- 
ter. Thus, if a particular mask bit (Mj) is zero, the output 
correlation between A and B for that bit position will be 
disabled. Consequently, a zero correlation is presented to 
the digital summer for each masked bit position. 


The Mask register is useful for changing correlation word 
length.and location within the registers. Where a word is 
undefined or no correlation is to take place, the M regis- 
ter should contain zeroes. 


[he M register is useful for building logic functions. Note 
that for each bit Aj and Rj, the correlation logic is: 


A, + Rj — AjR; + AjR; (A; exclusive-OR Rj) 


This result is complemented at the input of the AND 
gates and ANDed with the mask bit (Mj) resulting in: 


[Aj Ri + AjRi] + Mi 


The last step, performed in the digital summer, Is to sum 
the above result over all bit positions simultaneously for 
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a correlation at time K: 


nN 
C(K) = © [AjRj + AjRil + Mi 
= 


where: 


se eee 
n=correlation word length 


Figure 5. Equivalent Input Circuit 
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Figure 6. Equivalent Output Circuit 
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Figure 7. Threshold Levels for Three-State 
Measurements 
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Absolute maximum ratings (beyond which the device may be damaged] | 


Supply Voltage .......... eis wae os sa Ba hte Be heehee cheba hut te er dae ece RG ag eae ae BAAR wa eB eda Onan tS Es —0.5 to +7.0V 
finility WOMEADB ees. ceo cictotactt ches ached Need css dations aecdumeetadetati me ce th dtc ted desc Mochi noertidas 0.5 to Vpp+0.5)V 
Output a 
Applied VOKaGe'= s625 104.2 neds nanianeaiaasn aeaaaien pote mee ers pee at ohana wo: —05 to (Vpp+0.5)V 
PURCECTCURLONLT ~.citee one. heath vaniey-nachs daly atasudial Bi ee tated ad Aad Wale Dome aceaBacd nana —30 to +60mA 
Short-circuit duration (single output in HIGH state to ground) ........... mh ays steam nadine sence aa 1 Second 
Temperature 
Operating, CaS@ 32.5.5. c cuca sades ehaniarecheeiaewaes os ee oe ee ere —60 to +130°C 
WUC OM i atarace Seer htick. Bev gud vara mses ahaa oe is aden aaa dea aabap a aha ae Wohi OUR ba ee Me ee Oe Se aR EE ae 175°C 
baad: "SOlGering 110 SOCONOS) 4./c25-3.42x sede antares ead oleh ulead tanttotamaa) dhaeuteut euedltoels 300°C 
*  SOORAQGs weave ce wh autaa ame tee ae GLEE On eM e Men Cla OMe Shitting owe Oa ery —65 to +150°C 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 
2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. | 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 
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Temperature Range 


Standard Extended 


| Standard 
Parameter Ba ee we ne Units 


tpy Clock Pulse Width, LOW 15 ns 
CLK A, B, M, S, T, LDR 

tpyH Clock Pulse Width, HIGH 15 ns 
CLK A, B,.M, S, T, LDR 

or nt set rt ie fe fe TS [oe 


iy Ow mourtadtine PO TT ett et et ds 


Vir__Wmputvotage tosictow | | | asf | | os] | | osf | | oafv 
Vin Input Voltage, Logic HIGH =f 20 | =| sf 20 [fT 


Vinc Input Voltage, Logic HIGH 2.0 ~—6-20 2.4 
cameo || | || | |" 

lo. Output Current, Logic LOW ee 
lo Output Current, Logic HIGH ~~ ae eS ae 
a 


Ta Ambient Temperature, Still Air Or. fae Oe PaO 
Tc Case Temperature ee ie ae Re Re Re i: 
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‘DC characteristics within specified operating conditions ' 


Temperature Range. 


__ Standard 


Parameter Test Conditions 


Ippo Supply Current, Quiescent Vpp = Max, Vin =O0V, TS=5V 

Ippu Supply Current, Unloaded Vpp = Max, f=30MHz, TS=5V 

We Input Current, Logic LOW Vpp = Max, Vin = 0V 

ne Input Current, Logic HIGH Vop = Max, Vin =Yoo 

Vo, Output Voltage, Logic LOW Vpp = Min, Io, = Max 

Voy Output Voltage, Logic HIGH Vop = Min, Igy = Max 2. 


loz; Hi-Z Output Leakage Current, Output LOW * | Vpp=Max, Viy=0V ' 
lozH Hi-Z Output Leakage Current, Output HIGH * | Vpp =Max, Vinn=Vpp 


log  Short-Circuit Output Current Vpp = Max, Output HIGH, one pin 
to ground, one second duration max. 


+- 
-— w 
oS 


4 
© 
= 
I> 


= 
Se 


> 


C Input Capacitance Ty =25°C, f=1MHz ; 10 pF 
Co Output Capacitance Ty = 25°C, f= 1MHz | 10 | pF 
Notes: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 


2. Due to the l0o..6 and T register interconnections, these values are the |), and!) of the T register. 


Switching characteristics within specified operating conditions ' 


Temperature Range 


| -1 a 
Parameter Test Conditions —_| Min | Max: } Min | Max | Units 
a sc 
toon ft Ciop= Min? a Ps [Pa [| 
oat Gupta] Voprtin Sonpmer] || t=] a] [ap 
tena Three-State Output Enable Delay | Vpp=Min, Cigap=40F {| | te | =| 20{ | 2of | 25 | ns 
tpis Three-State Output Disable Delay | Vpp=Min, Cyoqp=40pF | =| 16 {| 20] | 8] | 4 | ns 


Notes: 1. All transitions are measured at a 1.5V level except for tpjg and tenya, which are shown in Figure 7. 
2. Synchronous clocking: CLK A=CLK B=CLK M=CLK S. 
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Application Notes 


The TMC2023 can be cascaded to implement correla- sequent stages. An external summer is required to 
tions of more than 64 bits. Typically, all clocks are tied generate the composite correlation score. Use of the T 
together and the A, B, and M outputs of preceding register and TFLG require additional hardware for this 


stages are connected + to the respective inputs of sub- configuration. 


Figure 8. bascadng for Extended-Length Coralation: 
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When comparing a multi-bit word to a single-bit the relative importance of the different bit positions. 
reference, the outputs from the individual correlators = =~ Normally simple shifts (division by 2, 4, 8,...) provide the 
must be ae This weighting reflects required weighting. | 


Figure 9 9. Multi-Bit x 1- Bit Correlation — 
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The correlation of two multi-bit words requires evaluating N 
the term: | R(M) = & hin} ¢ (M+n) 
n=1 


An example of two 3-bit words is shown in Figure 10. 
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Figure 10. Multi-Bit Correlation 
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Standard Military Drawing 


Package 


24 Pin CERDIP 0.6” Wide 
24 Pin CERDIP 0.6’ Wide 
24 Pin CERDIP 0.3” Wide 
24 Pin CERDIP 0.3” Wide 
28 Contact Chip Carrier 
28 Contact Chip Carrier 


Nearest Equiv. 
TRW Product 


5962-89711-01JA| TMC2023B7V 
5962-89711-02JA} TMC2023B7V1 
5962-89711-01LA| TMC2023B2V 
5962-89711-02LA) TMC2023B2V1 
5962-89711-013A | TMC2023C3V 
5962-89711-023A| TMC2023C3V1 


These devices are also available as products manufac- 

tured, tested, and screened in compliance with Standard 
Military Drawings (SMDs). The nearest vendor equivalent 
product is shown below; however, the applicable SMD Is 
the sole controlling document defining the SMD product. 


Ordering Information 


Product Temperature Range Package Package 
Number Marking 
TMC2023B2C STD—T,j=0°C to 70°C Commercial, 25MHz 24 Pin CERDIP 2023B2C 
TMC2023B2V EXT—Tc= —55°C to 125°C | MIL-STD-883, 25MHz 24 Pin CERDIP 2023B2V 
TMC2023B2C1 STD—Tp =0°C to 70°C Commercial, 30MHz 24 Pin CERDIP 2023B2C1 
TMC2023B2V1 EXT—Tc= —55°C to 125°C | MIL-STD-883, 30MHz 24 Pin CERDIP 2023B2V1 
TMC2023B7C STD—Ta=0°C to 70°C Commercial, 25MHz 24 Pin CERDIP 2023B7C 
TMC2023B7V EXT—Tce= —55°C to 125°C | MIL-STD-883, 25MHz 24 Pin CERDIP 2023B7V 
TMC2023B7C1 STD-—T,y=0°C to 70°C Commercial, 30MHz 24 Pin CERDIP 2023B7C1 
TMC2023B7V1 EXT—Tc=—55°C to 125°C + | MIL-STD-883, 30MHz 24 Pin CERDIP 2023B7V1 
TMC2023C3V EXT—Tc=—55°C to 125°C | MIL-STD-883, 25MHz 28 Contact Hermetic Ceramic Chip Carrier 2023C3V 
TMC2023C3V1 EXT—Te=-55°C to 125°C | MIL-STD-883, 30MHz 28 Contact Hermetic Ceramic Chip Carrier 2023C3V1 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 


products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW SI Products inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LS! Products Inc. against all damages. 
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TMCG2220/TMC2221 


A Ituy 


CMOS Programmable Digital Output Correlators 


Ax 32 Bit, 20MHz 
1x 128 Bit, 20MHz 


The TMC2220 20MHz, TTL compatible CMOS correlator 
is cumpused of four separate i x 3Z correlator modules. 


The correlation scores of the four modules are weighted, 


combined and output on two separate parallel, three- 
State ports. 


Each module contains a 32-bit serial data register, a 
32-bit serial reference preload register, a 32-bit parallel 
reference latch and a 32-bit parallel mask latch. 
Correlation is performed by 32 exclusive-NOR (XNOR} 
gates. Each XNOR gate compares one (single bit} data 


word against a corresponding (single bit) reference word. 


While correlation is being performed between the data 
and the present reference, the next reference pattern 
may be preloaded through one of two multiplexed input 
ports. Shorter sampling windows and bipolar correlation 
are also supported. Each module outputs a 6-bit binary 
correlation score. Either an unsigned (range 0 through 
32) or bipolar {range —16 through +16) representation 
may be selected. The outputs of each pair of correlator 
modules is added, with user-selected weighting factors, 
producing intermediate correlation scores which can be 
combined or output directly to the main or auxiliary 
output ports. 


Since the four modules can be cascaded serially or in 
parallel, the TMC2220 supports numerous single and 
dual channel applications involving 1, 2 or 4-bit wide 
data and window lengths up to 32, 64, 96 or 128 bits. 
Multiple devices can be combined to support large 
correlation operations. 


The TMC2221 combines the four 32-bit modules in 
series for a fixed channel configuration of 1-bit by 128. 
The reduced complexity and package size of the 


TMC2221 Is ideal for applications requiring less versatility 
than the TMC2220. By making use of the mask function, 


any size single channel length of up to 128 bits Is 
possible. 


TRW LSI Products Inc. 
PO. Box 2472 
La Jolla, CA 92038 


With the TMC2221, the reference word is serially loaded 


through the single two-input multiplexed reference port 
of the first correlator module. Although the configuration 
is fixed, the reference loading process and basic 
operation for each module is similar to that of the 
TMC2220. The outputs are summed with equal 
weighting, and the result is output through the single 
8-bit output port. Unsigned magnitude or two's 
complement (bipolar) output score may be selected. 


Features 


e 20MHz Continuous Correlation Rate 
e Fully Programmable Masking 


e Two's Complement Or Unsigned Magnitude Correlation 
score 


e User-Programmable Reference Load Multiplexing 
e Channel Weighting And Output Formatting (TMC2220) 


e Multi-Bit, Dual-Channel Or Non-Coherent (Quadrature) 
Correlation (TMC2220) 


e Single +5V Power Supply 
e Low Power CMOS Construction 
e Three-State TTL Compatible Outputs 


e TMC2220 Available In 68 Pin Grid Array And 69 Pin 
Plastic PGA Packages 


e TMC2221 Available In 28 Pin CERDIP 


Applications 


e Signal Detection 

e Radar Signature Recognition 

e Secure Communications 

e Robotics/Automated Assembly 

e Automatic Test Equipment 

e Electro-Optical Navigation 

e Pattern And Character Recognition 
e Assembly Line Inspection 
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TMC2220 Functional Block Diagram 
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Functional Block Diagram 
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Functional Description 

General Information 

The TMC2220 consists of four independent 1 x 32 correlator 
channels with weighted correlation scores which are combined 
and output on the two output ports (main and auxiliary). By: 


taking advantage of the instruction set and I/O structure, the 
TMC2220 can be adapted to a wide variety of applications. 


The TMC2221 consists of the four 1 x 32 correlator modules 
cascaded. internally for a single 1 x 128 correlator. The outputs 
of each module are given a unity Olan: summed and 
placed on the output port. 


Correlator Channel Modules 


Each of the four modules {i = 1 to 4) contains two 32-bit 
serial synchronous shift registers, A; (data) and Bj (reference 
preload); two 32-bit parallel latches, Rj (reference) and M; 
(mask); 32 exclusive-NOR gates; 32 AND gates; a 32-bit . 
parallel binary counter with a 6-bit unsigned output and a 
defeatable half-scale (-16) subtractor with a 7-bit two’s 


~~ complement output. 


Whenever a given Aj or B; register is enabled, the next rising 
edge of the clock loads the value at the corresponding Aj or 

BXj/BY| input port into the first cell of the register, and shifts 
the contents of each cell to the next, overwriting the contents 
of the last cell. These serial—in, parallel-tapped registers form 
the first of six registers which account for the six internal 
delays. After an output buffer delay tp, the new contents of 


the last cell of Aj and Bj become available at the outputs AQ; ° 


and BO; respectively. These outputs are used for cascading 
multiple devices. In addition, the B; input multiplexer selects 
which of two input ports, BX; or BY, is to be used. on that 
cycle. . 


The reference latch Rj tracks the contents of B; when control 
LDR; was HIGH on the previous cycle and holds when LDR; 
was LOW. A HIGH on LDR; transfers the contents. of Bj in - 
parallel into Rj on the next clock cycle where correlation takes 
place. When LDR; is held HIGH, Rj is transparent, enabling — 
direct correlation between Aj and Bj. 7 


Each of the 32 outputs of R; is correlated against the | 
corresponding tap of Aj by an XNOR gate whose output is 
connected to both the masking AND gate and the masking 
latch Mj. 


Each Mj tracks if LM was HIGH on the previous cycle and 
holds if LM was LOW. When LM is held HIGH, all Mj latches 
are transparent and the output of each XNOR gate is sent to 
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both inputs of the corresponding AND gate to prevent masking 
or disabling from occurring. A LOW on LM loads the next 

unmasked correlation pattern (from the XNOR gates) into each 
Mj. Wherever the latch holds a logic one, normal correlation is 


‘enabled; wherever it Is a logic zero, correlation is masked by 


the AND gate. 


A 32-bit parallel counter encodes the number of logic ones 
emerging from the AND gates as a 6-bit binary number 
between 0 and 32 (100000). The clock drives the two pipeline 
registers in the counter (the second and third registers in the 
SIX register pipeline). 7 


The bit unsigned binary output of each parallel counter then 


enters a half—-scale subtractor where it passes unchanged if 


the pipelined control TC is LOW and is reduced by 16 if TC is 
HIGH. If TC is HIGH, the range of correlation scores becomes 
—16 through +16 where +16 denotes a perfect match 
between the contents of Aj and those of R; with no masking. 
A score of —16 denotes that no unmasked data bit matches 
the corresponding reference bit {anti-correlation). The TC 
control is pipelined by 3 registers, such that it is aligned with 
new data entering the A; or B; register. 


Weighting and Merging Circuitry 


~. On the TMC2220, the 7-bit two’s complement output of each 


correlator module (Q, Qo, 13, 14) is.multiplied by a factor of 0, 
1, 2, 3, 4 or 5 according to controls Wo_g. The outputs of 
each pair of multipliers is then added and the results Q and | 


are loaded into the fourth pipeline register. 


Following two additional pipeline delays from the fifth and. 
sixth registers, correlation sum | Is available on the TMC2220 


at the 8—bit auxiliary output port, DA7_4, if the buffer IS 
enabled (OEA = 


LOW). 


Under controls C;_9, the TMC2220 combiner blends Q and | 
into a single final correlation score which is sent to the 10-bit 
main output port, DMg—g, it OEM is LOW. The combiner — 
pipeline register stage 5 and the main output register stage 6 
are balanced by the auxiliary port double output register. In the - 
simplest mode, the combiner outputs correlation sum Q 
permitting the TMC2220 to be used in two separate correlator 
channels. In this application, the combined results from 
modules 1 and 2 emerge through DMg_q while the results 
from modules 3 and 4 emerge through DA7_p. In the three 
remaining modes, the output at the main port will reflect the 
correlations of all four modules. | 
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In the second mode, the combiner outputs the unweighted For the [MC2221, the correlation score of each module is — 
sum, Q + I. In the third mode, it outputs the weighted sum, passed unchanged (TC = LOW) or reduced by sixteen 

Q + 1/2, for single channel binary applications. In the fourth (TC = HIGH). Each module score is given a unity weighting 
mode, the combiner extracts the absolute values of Q and | then sent to the combining matrix where the four scores are 


and adds the greater magnitude value to one half of the lesser added and output on the 8—bit data bus if OEM is LOW. 
value. This final mode 's an approximation of the Pythagorean 


vector magnitude formula: In magnitude mode (TC = LOW) and masking disabled, a 
M = 1X2 + 2/12 perfect match between the data and reference will produce a 
correlation score of 128 (10000000p) and correlation score of 0 
The TMC2220 contains a total of five pipeline registers plus Shall indicate no matches lanti—correlation). In two's 


the data and reference preload shift registers making the total | complement mode [TC = HIGHI, perfect correlation will 

delay six clock cycles. Instructions and data paths are pipelined Produce a score of 64 (01000000) and anti-correlation shall 
so the instructions presented on a given clock cycle apply to © have an output of -64 (11000000B). A total of five register 
the value entering registers A; and B.. Instructions RE, LM, delays plus the input register cause the result to be available 
LDR and AE, all of which enable registers or latches, must be 9" the sixth clock cycle after the loading of the input data. 
set one cycle early (see timing diagram). 


Signal Definitions 

Power | ~The TMC2220 10-bit output format is: 

VoD. The TMC2220/TMC2221 operate from a single , 

GND +5V power supply. All power and ground pins alot sl alalale| ol ole] if TC is LOW 
must be connected. 28] 27 | 26} 25] 24} 23] 22] 2] 12-1] if TC is HIGH 


Inputs | The TMC2221 has an 8-bit correlation output 
DM7~9 which always outputs the sum: 


Aly 4 Each data input is a single—bit serial input to 
the Aj register of each correlator module. 
| OQ, +O) +19 + I 
BX1_4, The main, BX;, and alternate, BY|, reference 
BY1_4 preload inputs to the Bj register of each Where each term is either unsigned magnitude 
correlator module are selected by controls or magnitude minus 16 depending on the TC 
~REp_9. control. The TMC2221 8-bit output format Js: 
Outputs DM; DM, 


A0}-4 Each cascade data output is a single—bit serial 27 {26 | | 24 | 22 | 22] a1 [0] if TC is LOW 
output from the Aj register of each correlator Cl l#la[2lz21 212] if TC is HIGH 


module. 
| DA7_9 (TMC2220 only) The 8-bit auxiliary correlation 
BO _4 Each cascade reference preload output is a output is the sum of two module output scores, 
single-bit serial output from the Bj register of I and 4, which are dependent on the Wo 
each correlator module. weighted adder controls. The auxiliary output 


Se | port is enabled by OEA. 
DMg_9 The 10-bit main correlation output (TMC2220 


only) is a combination of the four module The 8-bit binary output format is: 
output scores, 04, Qo, 13, 14, which are 


dependent on the Wo_q weighted adder and lelelelelelelel if Te is LOW 


Cy_~g combining matrix controls. The main 


output port is enabled by OEM. 27 26 | 28 { 24] 23 | 22 | 21 | 20] if TC is HIGH 


TRW LSI Products Inc. 21 


TMC2220/TMC2221 


AIC 


Clocks 


CLK 


Controls 


AE —4 


C19 


LDRy_4 


LM 


22 


The clock for A; data and B; reference preload 

~ registers can be toggled at up to 20MHz. All 
"registers are strobed on the rising edge of CLK 
~ and dependent on the registered enable controls, 
_ AE; for the Aj registers, and RE9_9 for the B; 


registers. The pipeline delay registers for the 
controls, Wo_9, Cy~g (TMC2220 only) and TC 
are also strobed on the rising edge of CLK. 


The clock enable for the four A; data registers 
is a registered, active HIGH control. When AE; is 
LOW on the previous cycle, no shifting of data 
occurs on Aj. AE; is read on the rising edge of 
CLK, thus the shifting of data in Aj will occur 
on the next rising edge of CLK. 


(TMC2220 only) These pipelined instructions 
select the function to be executed by the 
combining matrix and output through the main 
output port, DMg_. 


The Load Reference control copies the contents 
of register B; into latch Rj for correlation. If 
LDR; was LOW on the previous clock cycle, the 
present contents of the latch remain in Rj. If 
LDR; was HIGH, Rj is transparent and the B; 
are values used in the current correlation. 


The Load Mask control allows the user to mask 
or select “no compare” bit positions in each 
channel. Inputs shifted into A; and B; produce a 
correlation pattern as the desired mask. Control 
LM must be HIGH on the previous cycle to 
track and LOW to store the pattern in the mask 


RE? —9 


TC 


W9-9 


~ latches Mj. If no masking is required, LM is 


kept HIGH, making Mj transparent. 


(TMC2220 only) The asynchronous output enable 
for the auxiliary output port, DA7_9, is an 
active LOW control. When QEA is HIGH, the 
output is in a high-impedance state. 


The asynchronous output enable for the main 
output port; DMg_g (DM7_Qg on the TMC2221), 
is an active LOW control. When OEM is HIGH, 
the output is in a high-impedance state. 


~The encoded clock enable and load selector 


controls determine the various combinations of 
BX; and BY; reference inputs that may be 
selected for the four reference preload registers 
B;. The Bj register clocks may also be 
selectively enabled. Like LDR, LM and AE;, this 
control is delayed by one clock cycle. (RE9_ 1 
used on the TMC2221 to select BX or BY.) See 
Table 1. 


The Two's Complement control forces the 
outputs of the four correlator modules to be 
unipolar (0 to 32) or bipolar (-16 to +16). When 
TC is LOW, the outputs of the correlator 
modules are passed unchanged to the weighting 
circuitry. When TC is HIGH, 16 Is subtracted 
from each correlator output which is then 
interpreted as a two's complement value. 


(TMC2220 only) The weighted adder controls 


determine the relative weightings of the four 
correlation module scores. | 
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TMC2220 Package Interconnections 


Signal Signal 
Type Name 
Power Vop 
Inputs Aly_4 

BX} _4 

BO; _4 
Clock CLK 
Controls 
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eo] =) =} 
co} om ol|— 
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TMC2221 Package Interconnections 


Signal Signal 

Type Name 

input a 

Outputs a 
OM7-0 

Clock CLK 

Controls 


— 
oOo 
po) 


ala _ 
rm 

om) Ww = 
—=s 


SIO 


No Connection 
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Supply Voltage 


Data Input 
Main Reference Preload 


Alternate Reference Preload 


Data Output 


Reference Preload Output 


Main Port 
Auxiliary Port 


Master Clock 


Register Clock Enable 
Combining Matrix 
Reference Load 
Mask Load 


Auxiliary Port Output Enable 


Main Port Output Enable 
Reference Load Select 
Two's Complement 
Module Weighting Factor 


Supply Voltage 
Ground 


Data Input 


Main Reference Preload 
Alternate Reference Preload 


Data Output 


Reference Preload Output 


Main Port 


Master Clock 


Register Clock Enable 


Reference Load 
Mask Load 


Port Output Enable 
Reference Load Select 
Two's Complement 


G8, H8 Package Pins 


F2, L2, B11, A8 
K2, K3, G11, F11, A2 


H10, K11, 010, C11 
G10, J11, E11, C10 
H11. J10, E10, 011 


J2, K1, B6, B7 

H1, J1, A6, A7 

H2, G1, G2, F1, E1, E2, D1, D2, C1, C2 
B5, Ab, B4, A4, B3, A3, B2, BI 


F10 


K8, K9, A9, A10 
L5, K6 

L7, L8, BS, B10 
K7 

B8 

L3 

K10, L10, 19 

L6 

K4, L4, Kb 


B6 Package 
11, 22, 
4,7, 24, 25 


6 
10 


12 
13 
23, 21, 20, 19, 18, 17, 16, 15 


8 
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TMC2220/TMC2221 


Cf 


vane : Reference Preload Register Input and Enable 
.- Operation. - 


Selected Reference 
Port (TIMC2221) © 


RE; . Selected Reference - 
Port (TMC2220) 


Controls 


Notes: . 
1. Dis = Bj register disabled (hold model. 


2. LSB (REg) not used on the TMC2221.— 


Table 2. Module Weighting Factor Operation 
(TMC2220 Only) 


W; Controls Internal Channel Configuration 


W2-9 


C; Controls 
C1-9 


Main Output Port Function 
_ DMg_g 


ie 
0+ 12 

60+ I i. 
Max (|Q\, |I|) + 1/2 Min ({Q|, |1))! 


Notes | 
1, The larger magnitude value of Q or | plus one-half of the smaller 
magnitude value. 

2. The TMC2221 always outputs the sum Q, + OQ) + Ig + Ig 
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: Sliding Correlation Timing 


The TMC2220 and TMC2221 have a six register ie There 
are registers for the input data and reference, parallel counter, 
weighting circuitry, combining matrix, and output. CLK is used 
to load all Aj, Bj and instruction pipeline registers. With the 
register controls. enabled, a data or reference word is loaded 
into its respective Aj or B; register on every rising edge of 
CLK. Data Aj enters register Aj on the rising edge of clock 
Cy. The reference latch is static if the previous LDR; was 


LOW or tracks B; if LDR; was HIGH. If reference preload is 


not desired, holding control LDR; HIGH makes latch R; 
transparent and direct correlation between A; and B; occurs. 
Data ‘is valid if present at the input for a setup time ts before 
and a hold time ty after the rising clock edge. Setup and hold 
time requirements also apply to instructions and controls, 
however, AE, LDR, LM and RE must be valid one cycle before 


‘taking effect. 


Because of the six internal pipeline delays, the correlation 
score for a given set of Aj and B; register contents appears at 
the output ports six clock cycles plus an output delay tp later. 
When the main and auxiliary (TMC2220 only) output ports are 
enabled (OEM = LOW and OEA = LOW), the correlation score 


Oy of data window Ay)—31 through Ay, is output after rising 


clock edge Cyy45 (AN—1927 through Ay on the TMC2221). 
Instructions TC, W and C are registered and pipelined so that 


_ the instructions will be aligned with the data. The instructions 


I) (see timing diagram) which are loaded on rising clock edge 
Cyy apply to a correlation between data and reference words 
N-31 (N-127) through N. Masking is assumed to be preset 
(previous LM = LOW) or unused (previous LM = HIGH). The 
same timing applies if the reference is shifting and dale is 
fixed. : 
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Figure 1. Sliding Correlation Timing 


'PWH tPWL 
~~ 
; - oe 
a | og | 
REGISTER CLOCK 


2 | 4 | 
At SOX HORI XH KRY XRD XOX KARO MORN 
| | 
W091  X nr XX AK KK et XXX I? XO Ines XK tet XXX) XY) NAAN 
| . oo tHo 


DMg_. DA7_9 C0 GED 4 
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OEM, OFA 
Reference Register Load Timing A completely new reference can be loaded into latch R on 


The HIGH on LDR; transfers the contents of Bj in parallel into sed ea nen nes See ee Fah 
Rj in the next clock period. Rj tracks B; when control LDR; Is 7 


HIGH and holds when LDR; is LOW. N rising edges of CLK are aie ee eae aa pi Cn 
required to load N reference words into the reference preload i 


register Bj. The rising edge of clock Cy loads reference word STURN: 


Soa aE A) -COMEEMS WOIESSON = al CUTE N: Operation of the TMC2221 is similar to the operation described 


for the TMC2220 except the length of the reference word is 
128 bits rather than 32. The reference register will therefore 
contain the pattern Byy—7497 through By, and correlation occurs 
between this reference and data Ay—197 through Ay. A new 
reference word therefore requires 128 clock cycles to 
completely load the new value. With the output ports enabled, 
the correlation score Oy (correlation between data Ay—197 
through Aj and reference By—197 through By) is available an 
output delay tp after the rising edge of clock Cy +5. 


Figure 2 illustrates the LDR; instruction timing to transfer — 
reference window By)—31 through By into the reference latch. 
With this timing, correlation against the old reference pattern is 
preserved during the “LDR” clock cycle and that correlation 
against the new reference pattern Byy_31 to By should 
commence immediately after the “LDR” clock cycle. The user 
must meet the normal input setup and hold time requirements 
and setup the instruction one clock cycle before the desired 
transfer. 


Figure 2. Reference Latch Load Timing 
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Mask Register Loading 


Control LM latches a mask pattern into M; which selectively mask loading is generally limited to every 64th clock cycle. The 
disables word positions in each correlator module. Masking first correlation score which reflects mask N is output tp after 
latch Mj tracks the XNOR output if, on the the previous clock the rising edge of clock cycle Cy +6. 

cycle, LM was HIGH and holds if LM was LOW. Figure 3 

illustrates the TMC2220 LM timing to latch a mask generated Operation of the TMC2221 is similar that of the TMC2220 but 


by the exclusive NOR of Ayy—37 through Ay with Rn 34 requires 128 clock cycles to completely load a new mask 
through Ry. LM must be set HIGH ts before the rising edge pattern. To permit time to load new data and a new reference 
of clock Cy—1 to load the mask for Ay—7 thru Ay. LM pattern once the mask is loaded, an additional 128 clock cycles 
must be set LOW before the next rising edge of Cy to ensure is required. Therefore, mask loading is generally limited to 
words N-31 to N remain latched as the mask pattern. A every 256 clock cycles in the TMC2221. The mask pattern 
completely new mask may be loaded on every 32nd clock loaded will be the exclusive-NOR of Ay—497 through Ay with 


cycle. However, to permit time for data and reference loading, Ry 497 through Ry. 


Figure 3. Masking Latch Load Timing 
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Applications Discussion Figure 4. Dual 64 x 1 Configuration 


The TMC2220 architecture provides the flexibility for a number 
of configurations. The cascade outputs and the internal 
weighting and adder logic allow a single TMC2220 to be 
configured as four independent 32-bit correlators, independent 
96-bit and 32-bit correlators, two independent 64-bit 
correlators, or aS a Single 128 x 1 correlator. The TMC2220 
may also be cascaded serially or in parallel to increase the 
length or width of correlation. 


LS bs 
BY, 


DMg 9 
(QO, +Q4) 


To increase the correlation length in a single TMC2220 system, 
the cascade outputs of a module (A0;, BO;) can be connected 
to the inputs of the next module (Al; ,4, Blj.7). When using 
this configuration, the input enables and load controls should 
be connected together. Figure 4 shows the configuration for a 
dual 64 x 1 correlation. In this application, the outputs of 
module 1 are connected to the inputs of module 2 and the 
outputs of module 3 are connected to the inputs of module 4. 
The weighting logic is set for 1:1 weighting and the combining 
logic is set to output 0; + Q9 on the main output DMg_g, 
and 13 + Iq on the auxiliary output DA7 _9. 


DA)_ 
lg tig? 


Figure 5. Cascading the TMC2220 for Extended—Length Correlation 


Figure 5 shows an example of multi-bit correlation with 
extended length. This example shows 4-bit correlation with a 
length of 64—-bits. The outputs of the two TMC2220s must be 
externally added to obtain the 64-bit correlation score. The 
weighting and combining of the module correlation scores 
should be set as required by the application. 


Al; 
BX,/BY, 
Aly 


BX,/BY» 
Aly 
BX3/BY3 
Aly 


BXq/BY4 
DMg_9 
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| Figure 6. 8-Bit foirslatian with the TMC2220 


Figure 6 shows an example of 8-bit, two’s complement | Setting the weighting and combining controls as described will 
correlation. Two TMC2220s are used in parallel and externally produce a correlation score with each bit properly weighted 
summed to obtain the properly weighted correlation score. To — based on its 4—bit binary position. The final step is to multiply 


obtain a properly weighted correlation score, each bit of the the correlation output of the most-significant TMC2220 (bits 
output must be multiplied by an appropriate binary scaling 7-4) by a factor of 16 then combine the outputs of the two 
factor. The 8-bit data input and reference are connected as TMC2220s. This is done using external adder circuitry. 


shown. The weighting control of each TMC2220 is set for 4:1 Multiplication is performed by simply shifting the output lines 
weighting (W9_g = 010). This multiplies the upper two bits of of the upper TMC2220 by four places at the input to the 
each TMC2220 by a factor of 4 (Q), |3). The next step is to adder logic. The output of the summer, therefore, shall give 


multiply the 2nd and 4th bits (Q9, 14) by a factor of 2. An the binary weighted correlation score of a quantized 8-bit 
equivalent operation is to divide the 1st and 3rd bits by 2. This input. The same circuit can be used with unsigned data if the 
operation is accomplished: by setting the combining logic to inverter on the most-significant—bit of the reference input Is 


output the sum O + (/2 (Cy_q = 01). The final output of each omitted. 
TMC2220 will be equivalent to: 


DMg_g = (4x Oy) + (2 x I9) + (1 x Qo) + (12 x Ig) 
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Figure 7. Full Complex Correlation with the TMC2220 . 


Figure 7 is an example of full complex correlation. In this 

example, separate real and imaginary terms are multiplied and RED) 
summed internally to provide a real and imaginary result. This 
method preserves the phase information of the input. Inputs 
are connected as shown in the figure. The imaginary term in 
Im(D} x Im(R) is negated (inverted) for proper sign in the 
summation. The TMC2220 is set for 1:1 (0, + Q9, Ig + Iq) 
weighting, two's complement mode, and the combining control 
is set to output Q on the main output and | on the auxiliary 
output. All 32 internal taps are used. 


REIR) 
DMg_ 
(0,205, REAL) 
IM(D) 

IMiR) 


RE(D) 

IMIR) 
DA7_9 

A simple example would be to find a sine wave In a IM(D) ae ee 

demodulated data stream. The references would be set to: 


Re(R} = Cos (wt) and Im(R) = Sin (wt! 


RE(R) 


where, w Is the modulation frequency. Each term is set to: 
1 for positive and 0 for negative 


The data inputs are set to: 
Re(D) = dataj, x Coslft} and Im(D) = datajy x Sin (ft) 


~ where, f is the mixer or carrier frequency. 


Figure 8. Complex Correlation with Magnitude Result 


Figure 8 is similar to full complex correlation, however, in this t eg ee eee eee. z 
example the output is magnitude only. This application is used —RE(D) | woowe | 
when the phase relationship is not required. The inputs are REIR) ! 
connected as in the previous example, however, rather than a 4) 
full complex output, the outputs are combined internally to: mo) > >e ‘ 
= IMAR) ‘ 
Max (/Q], |I{) + 1/2 Min (]Q), {t]) min) [toMy g 
. i IMAX| + > Os MAGNITUDE 

(C7-g = 11) to obtain the approximate magnitude output. a i 11 
Multiplying the output by 15/16 will reduce the error in the ree ‘ 
magnitude approximation. 1 C+) ' 
. : ‘ 
REIR) : 
r i] 
@ ¢ 
& a 
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Figure 9. Cascading the TMC2221 for Extended-— Length Correlation | ¥, | 
The TMC2221 can be cascaded to implement correlations of preceding stages are connected to the respective inputs of 


more than 128-bits. Typically all clocks, reference inputs and subsequent stages. An external summer is required to generate 
enables are connected together and the A and B outputs of the composite correlation score. | 


T™MC2221 
#N 


or 


| (LOG) N) + 10 
Figure 10. Multi- Bit x 1 Bit Correlation 


The TMC2221 may also be used to compare multi-bit words circuitry. The weighting reflects the relative importance of the 
with a single—bit reference. When this is done, the output of different bit positions. Weighting can normally be accomplished 
each TMC2221 must be appropriately weighted to the adder by simple bit shifts at the input to the summer. 


MSB 


Bin #N-2 
: iz ™c2221 re ex 
Bij #N-3 CORRELATION 
i OUTPUT 
Ain C2221 
a By NA ay aap a> 


B " od 
ei, eee 
#0 


REFERENCE 
CODE 


LS 
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Figure 11. Equivalent Input Circuit 


Figure 12. Equivalent Output Circuit 


Vpp Vp 
n SUBSTRATE 4 n SUBSTRATE 
D1 P D1 
p+ | 
CONTROL 
INPUT OUTPUT 
KO 
n+ | | 
D3 p2 ‘ 
p WELL p WELL » WELL 
= = GND = GND 
Figure 13. Threshold Levels for Three—State Measurements | 
OEA, OEM 
THREE - STATE 
OUTPUTS 
0.5V 
Absolute maximum ratings (beyond which the device may be damaged) ' 
SUMHNY: WONG 6s ccicscirtces aicsirechootrrtterstuvaatcaeniul eect eae nii crime anaes sfc arc sec cl tes ae ad te gh Pe at a -0.5 to +7.0V 
MUPADUTt WOMAN QD csc cccsece cat teesicose etal set ccanechun ede es & ceases SA bess aust toa iasas loath Sadak ee at tee cacti sal inacepestain ka -0.5 to Vpp +0.5V) 
Output 
AUSMG VONtAe © areata scr ch tess iene cs htstenstnn dats ns taece ctv atzceclp chalet id od ial nraoeatenn eset ii Ne -0.5 to Wop +0.5V) 
FORE CCUGRBIIE < cncn ceseccte cnt caseect saree tat alla alc atecale ese adean east SAG OE ane eaten eat ea -1.0 to +6.0mA 
Short—circuit duration (single output in HIGH state to Qrourd) oun... csssssessssssseeseessstseccsessssssssssssssseessssssssvesssssssssestessssssnessssessnsssssansestssuscasscsseseessessees 1 sec 
Temperature 
MIPDEH LUNG 5 GAS a5 ses cette acceler eons aha cai unl cca Coop dova hep sehen 2 alain sade secaaev es ae Dec etataayonesaaceaaD ibaa -60 to +130°C 
UNINC UUOIVI spas vecevnses eons ls custavud ideas Taegan ds actnentd vad uca taal d ae a pdb ceteba cal leadsne can hal lead coeuieageon eet peemtnEnanaaniorneN 175°C 
Lead, soldering (10 S@COMds) .....scccssssssssssssssssssssseseesesssssssssseseessssssssseseessusssssssseesesessensesessn PaDeessctietiesbaaee aiataa tec hee ccee da lecanctaned alate bata See 300°C 
SUE Se sisesachccs enka Sinciele te eah acct dope cesta essed asset atence aah aeasca eo aos ce ea Nabi re ear ~65 to +150°C 
Notes: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 
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Operating conditions 


| | | Temperature Range 


eS Standard Extended ae 


lo «Output Current, Logic HIGH 


2 eee eee ee ae 
a ee a a ae 


Te Case Temperature 


DC characteristics within specified operating conditions ! 


Temperature Range 
Standard Extended 


Parameter Test Conditions Units 


lnpq Supply Current, Quiescent Vop = Max, Vin, = ov, OEM, OEA = 5V mA 
Inpy Supply Current, Unloaded Vop = Max, f = 20MHz, OEM, OEA = 5V mA 
Ne Input Current, Logic LOW Vop = Max, Vin = OV | pe a - 
ly ‘Input Current, Logic HIGH Vpp - Max, Vin = Vop + un 
Vor Output Voltage, Logic LOW Vpp = Min, Ig. = Max 0 


> 
a 


Voy. Output Voltage, Logic HIGH Vop = Min, Igy =. Max 


loz, Hi-Z Output Leakage Current, Output LOW | Vpp = Max, Viy = OV . 


¢ o 
= 
> 


+40 


‘gz74 Hi-Z. Output Leakage Current, Output HIGH | Vpp = Max, Vij = Vpp 


+ 
= 
Le } 
= 
> 


i] 
> i) 


los Short-Circuit Output Current Vop = Max, Output HIGH, one pin to ground, mA 
one second duration max. 

C; Input Capacitance Ty = 25°C, f = 1MHz . | ao | to pF 

Cg Output Capacitance Ty = 28°C, f = IMHz | 10 pF 

Note: 


|. Actual test conditions may vary from those shown, but guarantee operation as specified. 
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AC characteristics within specified operating conditions 


Parameter aie : 

Fe Clock (Correlation) Rate Vop=Min - 4 17 F220} | a7 MHz 
tpy_ Clock Pulse Width, LOW Vpp=Min | [30 | fins 
tpyH Clock Pulse Width. HIGH Von=Min ns 


ts Input Setup Time 7 er ae ns 
ty Input Hold Time ms oz 
tp Output Delay 
tug Output Hold Time 


tena Three-State Output Enable Delay! | Vpp=Min, C; gap =40pF a _ Liye asi ns 
tpig  Three-State Output Disable Delay '} Vpp=Min, Cy gap =40pF ea _ | 22 | | 22 | ns 


Note: 1. All transitions are measured at a 1.5V level except for tpg and tena. 


Ordering Information 


Product Temperature Range Package Package 
Number Marking 
TMC2220G8C STD—T,y =0°C to 70°C Commercial, 17MHz 68 Pin Grid Array 2220G8C 
TMC2220G8V EXT —Te= —55°C to 125°C MIL-STD-883, 17MHz 68 Pin Grid Array 2220G8V 
TMC2220G8C1 STD—Tyj=0°C to 70°C Commercial, 20MHz 68 Pin Grid Array 2220G8C1 
TMC2220G8V1 EXT —Te=—55°C to 125°C MIL-STD-883, 20MHz 68 Pin Grid Array 2220G8V1 
TMC2220H8C STD—Tp=0°C to 70°C Commercial, 17MHz 69 Pin Plastic Pin Grid Array 2220H8C 
TMC2220H8C1 STD—T, =0°C to 70°C Commercial, 20MHz 69 Pin Plastic Pin Grid Array 2220H8C1 
TMC2221B6C STD—Ty=0°C to 70°C Commercial, 17MHz 28 Pin CERDIP 2221B6C 
TMC2221B6V EXT—Te=-—58°C to 125°C MIL-STD-883, 17MHz 28 Pin CERDIP 2221B6V 
TMC2221B6C1 STD—Tp =0°C to 70°C Commercial, 2OMHz 28 Pin CERDIP 2221B6C1 
TMC2221B6V1 EXT—Te=—55°C to 125°C MIL-STD-883, 20MHz 28 Pin CERDIP 2221B6V1 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to 


change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk 


of such use and indemnifies TRW LSI Products Inc. against all damages. 


TRW LSI Products Inc. 


33 


Correlators 7 «rey 


34 TRW LSI Products Inc. 


Vector Arithmetic/Filters “ a 


Vector processing, also know as systolic processing, operates in parallel on an array of data, or on a 
data stream. Very high processing throughput rates are thus achieved. 


TRW’s vector processors include FIR filters (the TDC1028, TMC2242, and TMC2243), which all 
operate at video word rates. The TMC2246 Image Filter supports fast pixel manipulation of a 1 or 
2-dimensional picture. The TMC2249 is ideal for mixing two digital video streams, while the TMC2250 
and TMC2255 perform high- speed matrix multiplication and convolution. 
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Clock 
Rate! Power ' | ie 7 a! Ria 
Product Description Size (MHz) (Watts) Package — Grades 2 Notes Page 
TMC1028 ___ Digital FIR: Filter —.  4ax4x8 10 3.7  J4 48 Pin DIP | ' CA Cascadeable. - ~ H3° 
TMC2242-1 —_Half-Band Digital Filter 12/16-Bit 40 - 05 R2: 44 Lead PLCC Cc | 2:1 Interpolate or Decimate: . H15 — 
- 300—ttsi«éi'G R2 44 Lead PLCC -C Low-Pass (—6dB@0.25Fe) | 
TMC2243 Video Filter 10x 10x3 20 0.5 G8 69 Pin PGA CV Cascadeable. _ Hag 
~H8~ 69 Pin PPGA Cc | 
TMC2246-1 —_ Image Filter 10x 11 Bit 40 0.5 H5 121 Pin PPGA C Four-Pixel Interpolator. H43 
L5 132 Lead CEROUAD V 
- 30 0.5 H5 121 Pin PPGA C 
L5 132 Lead CERQUAD V 
TMC2249-1 Digital Mixer 12x12x2 30 0.5 H5 121 Pin PPGA C Cascadeable. H55 
L5 132 Lead CERQUAD V Programmable Delays. 
- 25 0.5 H5 121 Pin PPGA C 
L5 132 Lead CERQUAD V 
TMC2250-2 = Matrix Multiplier 12x 10x9 40 1.2 H5 121 Pin PPGA C 2D Convolution 3x 3, 2x 4. H69 
-1 . 36 1.2 H5 121 Pin PPGA C 1D Convolution, 9 Taps. 
G1 121 Pin PGA V 3x3 Matrix x 3x1 Vector. 
- 30 1.2 H5 121 Pin PPGA C 
G1 121 Pin PGA V 
TMC2255-1 =. 2D Convolver 5x5 x 8-Bit 12.5 0.6 Ri 68 Lead PLCC C 3x3, Symmetric 5x5 H89 
. 10 0.6 R168 Lead PLCC C 2D Convolver. 


Notes: 1. Guaranteed. See product specifications for test conditions. 


2. A=High Reliability, Te=—55°C to 125°C. 
C=Commercial, Ta=0°C to 70°C. 
V=MIL-STD-883 Compliant, Te = -55°C to 125°C 
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Digital FIR Filter 
Building Block, 10MHz 


The TDC1028 is a video-speed, TTL compatible bit-slice 
building block for Finite Impulse Response (FIR) digital 
filters and multi-bit digital corralators, It is used 


independently in the coefficient and signal data word 


dimensions as a bit-slice processor. Word lengths can be © 


multiples of four bits. Two's complement or unsigned 
magnitude operation is independently selectable for both 
coefficients and signal data words. 


The TDC1028 provides eight delay stages, eight multi- 
pliers, and eight adders in a single integrated circult. 
Eight coefficient storage registers are also provided for 
ease in programming filter characteristics and to make 
correlation possible. One coefficient may be changed 
every clock cycle. The delay registers and the adder 
pipeline registers have been merged for efficiency. 


Features 


e 10MHz Throughput Rate 
e Eight Coefficients 


° Cascadable (To>>36 Taps) Without External 
Components 


e 4-Bit Coefficient And Signal Data Words 

e Independently Expandable Coefficient And Signal Word 
Length | 

© independently Selectabie Format For Coefficients And 
signal Data Words (Two's Complement Or Unsigned 
Magnitude} 

e Available In A 48 Pin Hermetic Ceramic DIP Package 

e Radiation Hard Bipolar Process 

e Single +5V Power Supply — 

e TTL Compatible 


Applications 


Digital Video Filters 
Matched Filters 
Pulse Compression 
Multi-Bit Correlation 
Waveform Synthesis 
Adaptive Filters 


Functional Block Diagram 
CLOCK IN (CLK) >_> TO ALL REGISTERS 


SUM IN (Slg_ 19) 


DATA IN (Dip_3) 


COEFFICIENT IN (Clo_ 3) 


COEFFICIENT ADDRESS (CAp_ 9) 


COEFFICIENT WRITE ENABLE (CWE) 
TWO’'S COMPLEMENT DATA (TCD) 
TWO'S COMPLEMENT COEFFICIENTS (TCC) 


COEFFICIENT REGISTERS 


CA DECODER 


SUM OUT 
(SOp _ 19) 


DATA OUT 
(DOy_ 3) 


TO ALL MULTIPLIERS 


TRW LSI Products Inc. 
PO. Box 2472 
La Jolla, CA 92038 


Phone: (619) 457-1000 
FAX: (619) 455-6314 


©TRW Inc. 1990 
AQGO0817 Rev. E~11/90 
Printed in the U.S.A. 


TOC1028 TR 


Functional Block Diagram 
7 CLOCK IN (CLK) > TO ALL REGISTERS 


SUM IN (Slp_ 42) = = 
DATA IN (Dip_3) pal ey 
0-3 


COEFFICIENT IN (Clp_3) 


COEFFICIENT REGISTERS TO ALL MULTIPLIERS 


a 


COEFFICIENT ADDRESS (CAg_ 9) 


COEFFICIENT WRITE ENABLE (CWE) 
TWO’'S COMPLEMENT DATA (TCD) 
TWO'S COMPLEMENT COEFFICIENTS (TCC) 


Pin Assignments 


Slo 1 48 SOp 
Sl} 2 47 S0, 
Slo 3 46 SO, 
Siz 4 45 S03 
Sly 5 44 S04 
Sig 6 43 SOs 
Sig 7 42 SOs 
Sl7_ 8 41 S07 
Sig 9 40 SO, 
Sig 10 39 SOg 
Slig 11 38 S049 
Slqq 12 37 GND 
GND 13 36 Vcc 
Slq2 14 35 $044 
CAg 15 34 S042 
CA, 16 33 Cl3 

CAg 17 32 Clo 

TCD 18 31 Ch 

Tcc 19 30 Clg. 
CLK 20 29 CWE 
Dig 21 28 DO 
Diy 22 27 DO; 
Dip 23 26 DO, 
Diz 24 25 D03 


48 Lead DIP - J4 Package 
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Functional Description 


General Information 


The TDC1028 has four internal functions: delay, multiplication, basic word size for coefficients and data is four bits. The 
addition, and coefficient storage. These functions are connected = order of the operations has been changed from the canonical 
to form a building block for finite impulse response filters or form to permit the merging of delay and pipelining registers 
correlators. Cascading inputs are provided to allow the (see Figure 1). 


construction of filters or correlators of arbitrary length. The 


Power 


The TDC1028 operates from a single +5 Volt supply. All power 


and ground lines must be connected. 
ee 
Positive Supply Voltage +5.0V 
Ground 0.0V 


The TDC1028 has three types of inputs: signal data, 
coefficients, and sum (cascading) inputs. 


TTL 


Dig Signal Data Input MSB Pin 24 


J4 Package 
Pin 36 
Pins 13,37 


Inputs 


Dip TTL Pin 23 
DI, TTL Pin 22 
Dip Signal Data Input LSB TTL Pin 21 
Cly Coefficient Input MSB TTL Pin 33 
Clo TTL Pin 32 
Cly TTL Pin 31 
Cly Coefficient Input LSB TTL Pin 30 
Sly Cascading Sum Input MSB Pin 14 
Slyq Pin 12 
Slig Pin 11 
Slg Pin 10 
Slp Pin 9 
Sl7 Pin 8 
Sle Pin 7 
Slr Pin 6 
Sly Pin 5 
Sly Pin 4 
Slo Pin 3 
SI, Pin 2 
Sip Cascading Sum Input LSB Pin 1 


TRW LSI Products Inc. 5 


Gu 


TDc1028 ar. 4 


Data Outputs 


The TDC1028 has two outputs: a sum output and a data the next (cascading) for greater filter or correlation length. The — 


“Clocks 


output. The data output is used to connect one T0C1028 to sum output is used both for cascading and signal output. 
| a a 
S07 Sum Output MSB | Pin 34 
$04, we | Pin 35 
S049 Pin 38 
SOg Pin 39 
- ‘S03 . Pin 40 
$0, Pin 41 
SOp Pin 42 
SOs Pin 43 
SO, Pin 44 
S03 Pin 45 
S05 Pin 46 
S0, Pin 47 
SOp. | i Sum Output LSB | Pin 48 
DO3 Data Output MSB Pin 25 
DO» Pin 26 
DO, Pin 27 
DOg Data Output LSB | _ Pin 28 
The TDC1028 operates synchronously from a single master (Clg_g), the Coefficient Address (CAp_9), and the Coefficient 
clock, which can be clocked at up to 10MHz. All internal Write Enable control (CWE). If CWE is LOW, a new coefficient 
Circuitry is Static; there is no minimum clock frequency will be loaded into the selected coefficient register at the next 


required. The rising edge of CLK latches the Coefficient Input rising edge of CLK, as shown in Figure 4. 


rr Pn 


Controls 


The TDC1028 has six control inputs. TCC and TCD control the HIGH is applied, and unsigned magnitude operation when a 
interpretation of the data and coefficients as two's complement —_ logic LOW is applied. One active LOW input (CWE) controls the 
or unsigned magnitude numbers. These inputs provide two's writing of a coefficient, and three inputs (CA9_g) control the 
complement operation for the respective input when a ne ge selection of a coefficient is to be written. 


Two's a ee Coefficients 
Two's Complement Data 


Coefficient Write Enable 
Coefficient Address MSB 


J4 Package 


Pin 15 
Pin 16 
Coefficient Address LSB 
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Figure 1. 
CANONICAL FIR ARCHITECTURE 


INPUT DELAYS 


SUMMER 


OUTPUT 


_ INPUT 


| ky—1 Ss) (<) MULTIPLIERS 
»+ ++} +) ae 
DELAYS 

OUTPUT Gu 


Figure 2. 
ARITHMETIC SUMMATION OF “SUM” OUTPUTS FOR 8-BIT COEFFICIENT, 8-BIT SIGNAL DATA WORDS 


TDC 1028 INPUTS 
SIGN EXTENSION BITS REQUIRED IF TWO'S COMPLEMENT IS USED DATA COEFFICIENTS 


aloe [s[o[s[e[«[e [a [ala }e um is 
7rrrtatatsls las |s|slalalals sm st 
+ ZAZA Zealen| ula orf [aol [af mt 
t Metadata tlelateteteate wee 
a |v oo |v a|onw [oe |] [=] ] [9] 


Figure 3. 
SIGNAL DATA 


MSB_ LSB 


COEFFICIENTS 


RESULT WEIGHTS 
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Figure 4. 


me o KHKHeXRHXHKeKeX eX w X% X we X mK He XK Se XK MH 
COEFFICIENT 
DATA AND. 


ADORESS IN | 


COEFFICIENT 7,1 
LATCHED INTO Vd 
INPUT REGISTER 


mm m Ko Ke KaXK aXe Ke X*K XK mw Xm Kw KX Mw K 
| 


COEFFICIENT 7,1 
LATCHED INTO 
| COEFFICIENT REGISTER 7 


CLOCK A 


"s, 


DURING THIS PERIOD, C74 Ds 
IS CALCULATED AND ADDED TO 
Sl_9 + Coy Dia+ C14 D_y+ C24 Do + C34 Dy + Cyy D2 + C54 D3 + Cg Dg 
WHICH WAS PREVIOUSLY CALCULATED 


som our S09 KX S0.0 X Ste X sta X ste X sen KX He KX Mar KX Hr KX Hes KX star K sar K star K sar Kn 
$0y 4 = Sig + Cyy D2 : Cy 4 D_4 + Cy 7 Dp + Czy Dy + Cyy Dy + Coy Dy + 6.1 Dq.+ C4 Dg 


mmo oy Kwa K KX KBKR™K™KRUKH KKK w Km XK m~ Km 


THE FIRST RESULT WITH COEFFICIENT SET 1 APPEARS HERE 


Figure 5. 


me XK XS KX XK KX eX Ke he Ke 
. ey ay X 


V 
oy XX» KX» KX eX» Ko X Xs X we Kw KX % KX we Xo 


DB LATCHED HERE ‘ 
CLOCK o: : D 
: ‘ey oe! 
K7 Dg CALCULATED 


K7 Dg ADDED TO REST OF SUM 


smo 4 Xe XK 4 Xe XK ws XK 4 K Oa Kee X er K » Xm Ke XK XK 


$0; = K7 Dg + Kg D7 + Ks Dg + Kg Dg + Kz Dg + Ky Dg + Ky Dy + Kp Dy + Shy 


ww Ke Ka Ka Xe Ke KOKO KOK Ke Kw Ke Ko XK os 
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Figure 6. Equivalent Input Circuit Figure 7. Equivalent Output Circuit 


CLK ALL OTHER INPUTS 
R2 


Vec Vec Vec 
R4 1002 2 R3 
INPUT © INPUT C 
R1 = 25K 
R2 = 10K OUTPUT 
R3 = 50K 
R4 = 35K 


Figure 8. Test Load 


500 2 


TO V 
OUTPUT pin @ | “ue LOAD 


T 40pF 
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Absolute maximum ratings (beyond which the device will be damaged) | 


Supply Voltage ............. ee etme eect eiemueseas Se eeles age steeper bce iri ane eceene wwe 05 to +7.0V 
Input | - 
Applied voltage ................ Se ee AA ee RR et ene ee nee tT ac ees teencecasicett a pores eae trates -05 to +5.5V2 
Forced CUITEMt .......ssssssssssscsecsssssssssseeessee ieee sdase dees ecat ect nse cca algae en coast anata datale -6.0 to +6.0mA 
Output | 
Applied voltage (measured to. Deno! seabed suchas atSiex ste ccaeasusestceet sara ta sel coasvscaa cov nh bos cesicsoarccsSopbie aaa vascotes eed ogusd seeatnsea oeaeeeaniuadav aaaae -0.5 to +55v2 
Appbed: current, sextertvallly FORCE: ses ccceecesncveneceseclcezenhvntseslscivevunvstatecsecoanspsttoleanatsanechabsiesecvcvoktetchpeivasioesNeeas ven seehlee -1.0 to +6.0mA24 
Short-circuit duration (single output in HIGH state to ground) Sefcuaaie iui tlaac anosee tours ateaos sinlsa tuaastuats ashen eana steer teetnaee SED 
Temperature | 
ObppeeS ALIN ED) SAS accents tac haa enable eceksdovalste atest sen etiautasan Reaebeeae ah IR ene reat ek ote -55 to +125°C 
PUNDCCLUDED 2s zisccsckcnsacscezedesbececcasus stata vaqeecssvtctissg tsboceisavn acco oces udasara vical ests taba es DaneesSoed nseabacke casas naabetcastces ae entbntbes ecteeeus 175°C 
Lead, soldering (10 S@cOMdS) ............sssssssssssssssssssssssssesssssssssssssssssseetssssesssssssseeesssesseses iissdocsvods sees oculcaseauchcasose aba ecbbcceus dh hua ebatves tannins 300°C 
PO] [COREE OER PR Pee SCRE OR MEO oe Te AME -65 to 150°C 
‘Notes: a - | 7 | 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


| Temperature Range 


Parameter 


> 
a an - 
oa 


Vec Supply Voltage 


tpy;, Clock Pulse Width, LOW 
tpyy Clock Pulse Width, HIGH 


tey Clock Cycle Time 

ts | Input Setup Time 
Data In, Sum In 
Coefficient In, Coefficient Address In 
Coefficient Write Enable 

ty input Hold Time (All inputs) 


= 
a 


Vit Input Voltage, Logic LOW 
Vin Input Voltage, Logic HIGH 
Ip, Output Current, Logic LOW _ 
lon Output Current, Logic HIGH 


l 
5 


Ty Ambient Temperature, Still Air 
Te Case Temperature 


i | 
< 


+125 °C 
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Electrical characteristics within specified operating conditions 


Temperature Range 
Standard Extended 


Parameter Test Conditions 


Units 


lec Supply Current Vec = Max, Static 


Ty = O°C to 70°C 700 


el 
> 


Te = -S5°C to 125°C 
Te = 125°C 


lip Input Current, Logic LOW Vec = Max, Vy) = 0.4V 
Data Inputs 
Clock Input 


3 
> 


ly Input Current, Logic HIGH Veo = Max, Vy = 2.4V 
Data Inputs 75 15. = UA 
Clock Input uA 
I Input Current, Max Input Voltage Vec = Max, Vy = 5.5V pd p10 mA 
Vo, Output Voltage, Logie LOW Voc = Min, Ig, = Max 01 a 
Voy Output Voltage, Logic HIGH Vec = Min, loy = Max Es ae —— V 
log Short-Circuit Output Current Vec = Max, Output HIGH, one pin to ground, mA 
one second duration 
C Input Capacitance Ty = 25°C, F = 1MHz ars ee eS pF 
Co _— Output Capacitance Ty = 25°C, F = IMHz a a ae ae pF 


Switching characteristics within specified operating conditions | 


Temperature Range | 


Parameter Test Conditions | Min | Max | Min | Max | Units 
tey__Cyoe Time es OD 
to Output Delay Vec = Min, Test Load: Vigan = 2.2V ar a ns 
Note: 


]. All transitions are measured at a 1.5V level. 
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Application Notes 


More than one TOC1028 may be connected together to form 


filters of greater length, greater signal data resolution, and/or 
greater coefficient resolution. | 


The simplest form of expansion is length. Each TDC1028 has a 
data and a sum input, and a data and a sum output. To make 
a filter of greater length, connect the data and sum outputs to 
the data and sum inputs of the next device, as shown in 
Figures 2 and 3. This procedure is used for each section of a 
filter built with higher resolution for signal data and 
coefficients. Note that the sum inputs of the first device in a 
series (the one to which signal data is directly applied) must 
be supplied with a “zero” input (that is, all sum input pins 
must be grounded). This form of expansion is also used in 


combination with increased resolution, and is directly applicable 


to those cases. 


Two options are available for increased resolution. The first. 
method uses external adders and pipeline registers, the second 
uses the internal adders and pipeline registers of the TDC1028. 
Block diagrams of these methods are shown in Figures 9 and 
10. The second method significantly increases latency; the 
output experiences a significant delay with respect to that of 


an ideal but causal Finite Impulse Response filter. 


This section discusses the increasing of signal data and 
coefficient resolution when both signal data and coefficients 
are given in two's complement notation. For additional 
information, refer to TRW LSI Products Application Note 
TP 22. | — _ 


The basic approach is to divide the word that requires greater 
resolution into two or more parts of four bits each. A separate 


~~ section will be needed for every four bits or fraction thereof, 


Usually, both signal data words and coefficients will be divided. 
Next, a filter section is assigned to each possible combination 
of non-overlapping 4—-bit groups. of signal data with 4-bit 
groups of coefficients. (A filter section is assigned for each 
element in the cross—product of the signal data and coefficient 
data word spaces.) This process is shown in Figure 3, which 
illustrates division into 4—bit segments, used with both options 
for increasing resolution. 


~The choice is made between the adder option and the 


no-adder option. If the adder option is chosen, a pipelined 


adder must be designed using MSI components. A complete 


16-tap filter using 8-bit signal data words and 8—bit 
coefficients is shown in Figure 9. Care must be taken to 


assure that the outputs of each of the sections are properly 


weighted. Note that the Two's Complement Data (TCD) pin 
should be active only in the sections which have the MSD of 
the data word as the input. Likewise, the Two's Complement 
Coefficient (TCC) pin should be active only on the sections 
which have the MSD of the coefficient word as the input. 


However, another approach is possible. The TDC1028 has 
internal adders which are not used in the above configuration. 
Those are the adders in the first device in each section. By 


introducing suitable delays, these adders can be used to 
‘increase resolution without using external adders. A sample 


Circuit, a complete 16—tap filter using 8-bit signal data words 
and 8-bit coefficients, is shown in Figure 10. Notice that this 


‘introduces an eighteen sample delay in the signal path. The 


necessary 8-bit wide by 9 or 18 stage long shift registers are 
provided by TRW’s TDC1011. 
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Figure 9. 


SIGNAL 
DATA IN 


TDC1028 ARRAY 


DO9-3 


Dip-3 


Clo_3 - S0g--42 


FIRST, EIGHT SECOND EIGHT 
COEFFICIENTS COEFFICIENTS 


Dlp_3 
S0p_12 : 
Sip-12 


4 MSB's 


FIRST EIGHT SECOND EIGHT 
COEFFICIENTS COEFFICIENTS 


FIRST EIGHT 
COEFFICIENTS 


SECOND EIGHT 
COEFFICIENTS 


D0y_3 
Dig_3 


MSB's| Clp.3 S012 
4 MSB's 4 MSB's 
FIRST EIGHT SECOND EIGHT 
COEFFICIENTS COEFFICIENTS 


[_] = m3 
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Figure 10. 
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DATA OUT 


4 MSB's 
4 LSB's FIRST EIGHT . SECOND EIGHT 
COEFFICIENTS COEFFICIENTS 


FIRST EIGHT SECOND EIGHT 
COEFFICIENTS COEFFICIENTS 


FIRST EIGHT =» SECOND EIGHT 
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Product 
Number 


TDC1028U4C 
TDC1028J4A 


Package 
Marking 


1028J4C 
1028J4A 


STD—T,=0°C to 70°C Commercial 48 Pin Hermetic Ceramic DIP 
EXT—Te=—55°C to 125°C High Reliability 48 Pin Hermetic Ceramic DIP 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC2242 


Half-Band Interpolating/Decimating Digital Filter 


12 Bits, 4OMHz 


The TMC2242 is a fixed-coefficient, linear-phase half-band 
(low-pass) digital filter VLSI circuit which can also be used 
to halve or double a digital signal's sample rate. When 
used as a decimating post-filter with a double-speed 
oversampling video A/D converter, it greatly reduces the 
cost and complexity of the associated analog antialias 
pre-filter, such as that required for broadcast video 
chrominance bandwidth limiting. When used as an 
interpolating pre-filter with a double-speed oversampling 
D/A converter, the TMC2242 can simplify the 
corresponding analog reconstruction post- filter. The only 
user “programming required Is selection of mode 
(interpolate, decimate, or neither) and rounding. 


The IMC2242 accepts 12-bit two's complement data at up 
to 40 million samples per second and outputs saturated, 
two's complement or offset binary data, rounded to 9 to 16 
bits. Within the 40MHz 1/0 limit, the TMC2242’s output 
sample rate can be 1/2, 1, or 2 times tts input sample rate. 


The filter is flat within +0.02dB from 0 to 0.22Fs, with 
stopband attenuation of greater than 59.4dB from 0.28Fs 
to the Nyquist frequency. The response is 6dB down at 
0.25Fs. Symmetric-coefficient FIR filters such as the 
TMC2242 have linear phase response. Although most 
users will be pleased with the results obtained with one 
TMC22472 in the system, full compliance with the SMPTE 
601 standard of —12dB at 0.25Fs requires two devices 
cascaded serially. 


Fabricated using TRW’s proprietary OMICRON-C one- 
micron CMOS process, the TMC2242 operates at a 
guaranteed clock rate of 40MHz over the standard 
temperature and supply voltage ranges and Is available 
in a 44 lead plastic chip carrier. 


Features 


e 4Q0MHz Guaranteed Maximum Clock Rate 

e User-Selectable 2:1 Decimation, 1:2 Interpolation 
e Frequency Response +/-0.02dB In Passband 

e Stopband (0.28 to 0.5 x Fs) Rejection 59.4dB 


e Two-Device Cascade Meets CCITT Recommendation 601 
Low-Pass Filter Requirements 


e Dedicated 12-Bit Two's Complement Input Data Port 
And 16-Bit Output Data Port With User-Selectable 
Rounding To 9 Through 16 Bits 


e¢ Two's complement Or Inverted Offset Binary Output 
Format 


e Build-In Limiter Prevents Overflow 
e Single +5V Power Supply 
e Compact 44 Lead Plastic Chip Carrier Package 


Logic Symbol 
T 
aT sina D\ te 
DEC 
iNT OUTPUT 
TIMING ™C2242 FORMAT 
CONTROLS \ sync CONTROLS 


CLK 


21565A 
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Applications the filter and input and output registers will operate at the 

ee _ guaranteed maximum clock rate of 40MHz. The total 

¢ Low-Cost, Industry-Standard Video Chrominance internal pipeline latency from the input of an impulse to 
Bandwidth Limiting (Anti- Aliasing) | the corresponding output peak is 33 cycles; the 55-value 

e Simple, High-Performance Video Reconstruction output response begins after 6 clock cycles and ends after 
Post-Filtering 60 cycles. | 

e General Digital-Domain High-Performance Low-Pass 
Filtering, Requiring: To perform interpolation, the chip slows the effective input 
— Passband Below (0.22) x Fs register clock rate to half the internal and output rates. The 

TMC2242 internally inserts zeroes between the incoming 

— Stopband Above (0.28) x Fs data samples to “pad” the input data rate to match the 

e General Digital-Domain Waveform Reconstruction output rate. | | | 
Post-Filtering | 

e Telecommunications Systems | To perform decimation, the chip sets the output register — 


clock rate to half of the input and internal rates. One output 


e Digitally Synthesized Radio 
aia: | is then obtained for every two inputs. 


e Radar 

Facial Dascnneon In interpolation or decimation mode, the SYNC control IS 
P first held HIGH, then brought LOW with the first data input 

The TMC2242 implements a fixed-coefficient linear-phase value. SYNC is held LOW until resynchronization is desired. 

Finite Impulse Response (FIR) filter of 55 effective taps, For interpolation, input values should be presented at the 

with special rate-matching input and output structures to _ first rising edge of CLK for which SYNC=0 and at every 

facilitate 1:2 decimation and 2:1 interpolation. In the alternate CLK rising edge thereafter. 


straight-through mode (equal input and output clock rates), 


Figure 1. Functional Block Diagram 


/\ 
1 
OE 
INTERPOLATE: 0-1-0-1 
DEC ELSE 1-1-1-1 Tco 
INT CONTROL ae ieee A RND 9.9 
CLK/2 IF DECIMATING; ELSE CLK 7 ie 
SYNC 1 

(\ rt 

CLK >———> TO ALL REGISTERS ieee 
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7 AX 


Figure 2A. Transfer Function of TMC2242 Half-Band 
FIR Filter 


200, 


300f, 500f, 


Frequency 21567A 


The input data word format is always two's complement. 
The output data format is two's complement when TCO is 
HIGH and inverted offset binary when TCO is LOW. The 
output data can thus be processed further or routed 
directed to a Digital-to-Analog converter for reconstruction. 
The user can tailor the output data word width to his 
system requirements using the Rounding control. As shown 
in Table 7, the output is half-LSB rounded to the resolution 
selected by the value of RND?7-9. The bits below the LSB 
are then zero-filled. The asynchronous three-state output 
enable control simplifies interfacing to a bus. 


Signal Definitions 


Clock 


CLK The TMC2242 operates from a single master 
Clock. All internal registers (except output 
register in decimate mode) are strobed on 
the rising edge of Clock, and all timing 
specifications are referenced to the rising 
edge of Clock. 

SYNC The user synchronizes the incoming data 
with the TMC2242 by holding SYNC HIGH on 
Clock N, and then LOW on Clock N+1, when 
the first data word is presented to the input 
S!71-0. If DEC=INT (passthrough mode), 
SYNC is inactive. SYNC may be held LOW 
until resynchronization is desired, or it may 
be toggled at 1/2 the clock rate. 
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Figure 2B. Passband Detail of TMC2242 Transfer 


Function 
0.03 
0.02 
© 0.01 
0.00 
—0.01 
0 050f, 100f, .150f, 200f, 250f, 
Frequency 21568A 
Inputs 
Sl11-0 Data presented to the registered 12-bit two's 
complement data input port Sl1 1-9 will be 
latched internally on the current Clock, or on 
every other Clock If in INTERPOLATE mode. 
Sl44 1s the MSB. 
Outputs 
$015-9 The current result is available at the 


registered 16-bit output port SO45-0, half- 

LSB rounded as determined by the rounding 

control word RND7-p. S015 is the MSB. 
Note: TMC2242’'s limiter ensures that an internal overflow will generate a valid full- 


scale (7FFF positive or 8000 negative) output. The chip’s D.C. gain is 
1.0015=0.0126dB; 0.5007 = —3.004dB in INTERPOLATE mode. 


Controls 


TCO When the Two's Complement format Control 
TCO is HIGH, all output data are presented in 
signed two's complement format. When 
LOW, the output is inverted offset binary, 
obtained inside the chip by inverting bits 


5044 through SQ, leaving S075 unchanged. 


a 
+ 


When the input interpolation control INT Is 
LOW, the input register is driven at full clock 
speed and the chip inserts zeroes between 
samples, “padding” the input to match the 
output rate and effectively halving the input 
data rate and the output amplitude. The 
TMC2242 then interpolates between these 
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TMC2242 rw 


alternate input data points to achieve a full § OE The output data port SIq5-9 Is in the high- 

output data rate. a impedance state when the asynchronous 
_ | — output enable is HIGH. When OE is LOW, the 
DE When the decimation output control DEC is port is enabled. 

LOW, the output register is driven at half 

clock speed, decimating the output data — Power : 

oueat Vpp. GND = The TMC2242 operates from a single +5V 


Note: When INT=DEC, both the input and output registers run at the full clock rate. supply. All power and ground pins f must be 


RND2-9 These three pins set the position of the connected. 


effective least significant bit of the output 
port by adding a rounding bit to the next 
lower internal bit and zeroing all outputs 


below the rounding bit. See Table 7. 
Note: The above controls, TCO, DEC, INT, and RND?2.9 determine the device function, 
numeric format, and rounding of the data. The user must exercise caution when 


changing them, since they will impact work in progress in the chip’s 60 clock 
internal pipeline. 


Table 1. Input and Output Data Formats and Bit Weighting, TCO=1 


Bit Weight - Output Port During Interpolation Only2 


Rounding 
RND?-9 
Input | 
Siq1 Slig = SIlg eee Slq SI3 Sl2 Sl} Sig — 
Output 


S015 S014. S013,—i«w#t@* S0g $07 S05 S05 S04 503 S02 S01 SOor 000 


$015 S014. —s-« S0130—C«Sw® SOg $07 S05 S05 S04 $03 S02 SO1r 0 001 
S0i5 «6: S01g.—'s—s« S013—s«st SO S07 S05 S05 S04 ~—ss- S03 SOor 0 0 010 
$045 $014 $043 eee S08 $07 S06 S05 $04 SO3r ~=—s«iO 0 0 011 
$015 S014 $013 eee S08 S07 S06 S05 SOar 0 0 0 0 100 
$045 $014 $013 eee S08 S07 S06 SO5r 0 0 0 0 0 101 
S015 S014 $013. eee SOg S07 SOgr 0 0 0 0 0 0 110 
$015 S014 $043 eee $08 SO7r 0 0 0 0 0 0 0 111 


Note: 1. When TCO=0, most significant bit of output is positive instead of negative. 
2. During interpolation, device DC gain is approximately 0.5. 
3. Where * r” indicates the half-LSB-rounded bit, 0 the zeroed LSBs, and a minus sign a sign bit. 
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Table 2. Hexadecimal Impulse Response and Table 3. Input Transition Response 
Decimal Equivalents of Coefficients | 
INPUT OUTPUT 

INT=0 INT=1 
Inpulse Decimal INT=<DEC INT=DEG «= DECx1—sDEC=0 
Out! Equivalent TcO=0  TCO=1 += TCO=1_—-TCO=1 
FFF2 —.000875473 coef #1, 55 400 XX XX XX XX 
0000 0 coef #2, 54=0 400 XX XX XX XX 
0017 001390457 >55 cycles ° ° ° ° 
0000 0 : : : : : 
FFDB ~.002265930 : : : ‘ : 
0000 0 400 3FE7 4018 2008 4018 DC gain! 
0039 003501892 400 3FE7 4018 2010 4018 
0000 my 
FFA8 —,005355835 
we 000 3B90 4A6F 245F § 446F Max 
007D 007621765 | nih 
0000 000 3B90 446F = 2010S AGF 
DDS51 ~.01071167 | 000 4FEB 3014 1004 = 1004 
0000 000 6FFB 1004 0000 1004 
O0F3 01483154 000 846F FBAQ FBA9 =FBAQ Min 
0000 ringing 
FEB5 —.02018738 . . : ° 
0000 : _ : 
01CA 02796364 . - acs : 
0000 000 7FFF 0000 0000 0000 Steady 
FD79 ~,03949928 ce 
0000 Note: 1. In interpolation, steady-state output will oscillate approximately 0.1%, as 
03CD 05937767 here between 2008 and 2010. 
0000 
F95E —.1036148 
0000 
145B 3180542 coef #27, 29 
2010 5009766 coef #28 (center) 
Note: 1. Input=0,0,400,0,0.... 

INT=DEC=1 
TCO=1 


@ 


TRW LSI Products Inc. 19 — 


TMC2242 ae 


Package Interconnections | 


Timing Controls INT Interpolate 44 


DEC 


SYNC Synchronization 43 


Data Inputs Sl11-0 Input Data Port 40, 37, 36, 35, 34, 33, 
: 32, 31, 30, 27, 26, 25 
Data Outputs S015-0 Output Data Port 4,5, 6,7, 8,9 10, 11, 


14, 15, 16, 17, 18, 19, © 
20, 21 


OE : Output Enable 3 


Power Vpp | Supply Voltage 13, 29, 38 


Signal | | a 
Type Name R2 Package 
Sy 


Figure 3. Timing Diagram — Equal Rate Mode INT=DEC 
oe ad is ae 
1 -2 3 4 5 


ts | tu 


CLK 


Sli1-0 


| | 
snc XXXXXXXAXXXAAKAAAXAKAAAXARAAAAAA 
{to 


$045.9 


Note: Values at S0,5_, are impulse response centers (peaks) corresponding to inputs bearing 
the same numbers. Thus, the input-to-center latency is 33 registers (clock cycles). 21569A 
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Figure 4. Timing Diagram - Decimination INT=1, DEC=0 


RX XXX = XXKK > XXX XXQK = XX) 


$l41-0 


XXXXXXA | AXXXXXXXXXA 
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et 
XXXXXXY 
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Figure 6. Impulse Response - Equal |/0 Rate Mode INT=DE 
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$0 EVE) 3KXAAZA 
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55 TAP IMPULSE RESPONSE 215724 
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| 
! X'X?X =X*X=X 


$0 
| 21573A 
‘Figure 8 Impulse Response - Decimate Mode DEC-0, INT=1 
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Figure 9. Equivalent Input Circuit Figure 10. Equivalent Output Circuit 
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n+ }—1 
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D2 
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Figure 11. Threshold Levels for Three-State 
Measurement 


[ENA 


THREE-STATE 


OUTPUTS HIGH IMPEDANCE 


0.5V 21123A 


Absolute maximum ratings (beyond which the device may be damaged)! 


SSUUBIEY V ONE IG Gonos ened cece tsar tees shee utes etc fac essa tea ate acsadecddeaedcttad de) ts oo a espace ta see ee ea —0.5 to +7.0V 
TUMOUR ONE eA CG see sees states setae cs treats usc tease ceteuw seca eae acess cette ease nates —0.5 to (Vpp + 0.5)V 
Output 
POD WOES GS ccs, estes coen ta leied sharma Ria deria recthet Neai ial Sats Lie eta oh Rats et ules Men pata —0.5 to (Vpp + 0.5)V2 
POUCA EIN sik ted shes, toe oc ls Sipe evades dob eda apatite ian Se RINNe sea daa heed aaa eek eyes a eucetsheeias —6.0 to 6.0mA3,4 
Short-circuit duration 
| (single output in HIGH state to GrOUNd) ....cccscccscssssssesnescsssssssssssssssossscssseseecsscsnsesetssenesssecatacasceenecnersassnensanenconssencanseranseests 1 sec 
Temperature 
SEARING CS rica Aad treatises cs ee case ugha tala tase dav Pas Ak ads ccd ent dearlenc a ecsenn se dwindle ots pkeeaantraNG —60 to +130°C 
PETE EU UN sides casas cdo ah cet pa csh Se cieesa alu sea ss usedhans teenies uaa kgs Pane aeianaty sehen eae a resents erase cecacepas 175°C 
EOAd:SOIGGHING (10 SO CORMGS) epucucecusssenis teviasess cts ticclteCasteuci tect oot hace tea kee ean cccta ae eta 300°C 
PS) (2) [01 : enn e  PT ee NE SE etre ee eee Revert eee Ee er reo ne Tere eTEe —65 to +150°C 


Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 
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Operating conditions 
Temperature Range 
Standard 

Parameter | Min | Max | __Units 
VpbD Supply Voltage 4.75 5.25 V 
VIL Input Voltage, Logic LOW a a ee V 
VIH Input Voltage, Logic HIGH a ae | V 
IOL Output Current, Logic LOW i, ee ee mA 
ioH Output Current, Logic HIGH es ee 
tcy Cycle Time 

TMC2242 33 ns 
tPWL Clock Pulse Width, LOW ee ns 
tPWH Clock Pulse Width, HIGH an are ns 
ts Input Setup Time 

TMC2242 10 ns 

TMC2242-1 a ee ee: 
TA Ambient Temperature, Still Air °C ee ee ee eee °C 


- Electrical characteristics within specified operating conditions' 
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Parameter 
Ippo Supply Current, Quiescent 
IDDU Supply Current, Unloaded 
WE Input Current,Logic LOW 
IH Input Current,Logic HIGH 
VOL Output Voltage,Logic LOW 
VOH Output Voltage,Logic HIGH 
lOZL Hi-Z Output Leakage 
~ Current, Output LOW 
IOZH Hi-Z Output Leakage 
Current, Output HIGH 
los Short-Circuit Output 
Current 
Cy Input Capacitance 
Co Output Capacitance 
Note: 1. 


Temperature Range 
Standard 


Test Conditions 


Vpp=Max, Vin=0V 
Vpp=Max, OE=Vpp, 
f=10MHz 


Vpp=Maxviveov {| | 
Voo=Mex Vin-Von [| | 10 
Vpp=Min, Io_=Max 

Vpp=Min, |loH=Max 2.4 


Vpp=Max, Vin=0V 
VpD=Max, VIN=VDD 


Vpp=Max, Output HIGH, 
one pin to ground, 
one second duration max. 


Ta=25°C, f=1MHz 
Ta=25°C, f=1MHz 
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Actual test conditions may vary from those shown, but specified operation is guaranteed. 
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Switching characteristics within specified operating conditions 


Temperature Range 


Parameter Units 
'D____Output Delay | Von=Mincr=250F | | 
TMC2242 es 
TMC2242-1 ane Nae i Ne 
THO Uutput Hold Vpp=Max, CL=25pF ns 
(ENA Output Enable [Voo=Min,ci-250F | «dS 
7 TMC2242 po ts 
TMC? SS SO 
(DIS __Output Disable /Vpp-Min,cl=25F if —sid| SSCS 
TMc7242 a 
TMC2242-1 aaa ean a eae Te 


Applications Discussion 


Digitizing Composite NTSC Video 


The TMC2242 is well suited for filtering digitized maximum clock rate and 16MHz input bandwidth at 
composite NTSC-encoded analog video. Figure 12 shows moderate cost. The relative timing of the TDC1049 and 

a simple and cost-effective circuit built around the device. ©§ TMC2242 clocks must accommodate the delay through the 
The TDC1049 9-bit Analog-to-Digital converter isa popular 10125 ECL-to-TTL converter, the TDC1049 output delay, 
choice for digitizing high-quality video, offering a 30MHz and the TMC2242 input setup and hold times. 


Figure 12. Digitizing NTSC Video Using the Decimation Mode 


CLOCK 
28.636 MHz 
at oul CLK 
F I 
TMC 2242 10, DIGITIZED 
D4.9 Be > Slig.2 SO1s[ \ > 


ANALOG pe 
NTSC SC 
COMPOSITE 300 pF 510 pF 300 pF = _ 
IN (75Q) 3 x 10125 Sli.0 © DEC INT 
OR EQUIV. 
: Cw a 
= = 2K 
Antialiasing TMC2242 
Prefilter TDC1049 ADC Half-Band Filter 
—0.012dB @ 5.75MHz 15MHz Input BW 2:1 Decimation Mode 
— 3dB @ 9.3MHz 28.636MSPS Clock Data in @ 28.636MSPS 
— 48dB @ 21.5MHz D1 =MSB, Dg =LSB Data Out @ 14.318MSPS 
S014 =MSB, SO, =LSB 
10 Bits Output Precision 
TCO=1 21575A 
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In Figure 13, an interpolating TMC2242 drives a fast 

D/A converter to reconstruct an analog NTSC composite 
waveform. The 1DC1112 12-bit Digital- to-Analog converter 
features extremely low glitch energy for accurate 

waveform generation, and settling to + 1/2 LSB in less 
than 30nsec. The same (Figure 12) 75-ohm analog filter is 
used, this time after the DAC. The user must maintain the 


correct timing between the TTL Clock and the ECL Clock, 
including the delay introduced by the 10124 TTL-ECL 
converter. See the Timing Diagram and the TDC1012 
datasheet. Lower-speed applications can employ the 
TTL-input TDC1012 DAC without the level translators 
(Figure 14). 


Figure 13, High Speed Interpolation Application 


CLOCK 
28.636 MHz 
CLK CLK 2uH 2nH 
A O 
DIGITIZED 11 TMC 2242 TDC 1112 
NTSC SI so DI 
14.3 MSPS 10-0 132] _\ is 1-12 ANALOG 
(UNSIGNED) RND = 000 300 pF 510 pF 300 pF NTSC 
DEC INT 3 x 10124 75Q 
OR EQUIV. 
+5V © 
T™MC2242 : TDC1112 : Reconstruction 
Half-Band Filter 12-Bit DAC Postfilter 
1:2 Interpolation Mode 28.6136MSPS Data Input — 0.012dB @ 5.75MHz 
Data in @ 14.318MSPS DI, =MSB, Dly7 =LSB ~3dB @ 9.3MHz 
Data Out @ 28.636MSPS ECL Inputs — 48dB @ 21.5MHz 
Sl 49 =MSB, Slp =LSB 
S03 =MSB, SO» =LSB 
12 Bits Output Precision 
TCO=0 215/6A 
For Unsigned Input Use 
Sl19-9 8013-2 
Figure 14. Medium Speed Interpolation Application 
clock | 
21.5 MHz 
CLK CLK 2uH 2uH 
, Aout 0 
DIGITIZED 11 TMC 2242 TDC 1012 
NTSC SI SO DI 
10.7 MSPS Ae es 321 \ bi ANALOG 
(UNSIGNED) RND = 100 300 pF 510 pF 300 pF NTSC 
DEC 75Q 
+5V O 
- ? 21577A 
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Pin Assignments — 44 Lead Plastic Chip Carrier - R2 Package 


1J28 GND 
127 Sly 
} 26 Sl, 
1425 Slo 
L424 RNDp 
L123 RND, 
1} 22 RND» 
24 S09 
1} 20 SO, 
419 S05 
518 $03 


moo nr Oo FP WHY — 


—_ =, 
_ © 


21578A 


Ordering Information 


Product 
Number 


TMC2242R2C 
TMC2242R2C1 


Package 
Marking 


2242R2C 
2242R2C1 


Temperature Range a Package 
STD-Ta=0°C to 70°C Commercial 44 Lead Plastic Chip Carrier 
STD-Ta=0°C to 70°C Commercial 44 Lead Plastic Chip Carrier 
All parameters in this specification are guaranteed by design, characterization, sample testing ot 100% testing, as appropriate. 
TRW reserves the right to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


CH 


Life Support Policy 


TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. and TRW Inc. against all damages. 
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TMC2243 


CMOS FIR Filter 
10x 10 Bit, ZO0MHz 


The TMC2243 is a video speed three stage 10 x 10 bit 
FIR (Finite Impulse Response} filter integrated circuit 
composed of three registered multinher — adders 


concatenated into a one-dimensional systolic array. 


Utilizing two's complement representation, the TMC2243 | 


accepts one 10—bit data point,updates one 10-bit 
coefficient, and produces one 16—bit rounded, filtered © 
output point every 50 nanoseconds. 


The TMC2243 has features which facilitate longer FIR 
filters, a 16-bit Sum—In port and user programmable 
pipeline registers. Enabling these registers allows the 
insertion of a zero—coefficient stage before each regular 
filter stage for up to six stages per TMC2243. Larger FIR 
filters can be built by cascading Sum—In and Sum-— Out. 


Coefficients are stored in 3 registers and are addressed 
via the 2—bit Write Enable control, allowing one 
coefficient to be changed per clock cycle. All Data, 
Sum—In, Sum—Qut and instruction inputs are registered 
on the rising edge of clock. 


The 16 MSBs of the 23—bit internal summation path 
are available at the Sum—In and Sum—Out ports. Six 
bits of cumulative word growth are provided internally. 
Data Overflow is indicated by an output flag. 


Built with TRW’s one—micron double level metal 
OMICRON —C™ CMOS process, the TMC2243 is 
available in a 68 pin grid array. 


Features 


e 20MHz Data Input And Computation Rate 


e 10x10 Bit Multiplication With 23—Bit Extended 
Precision Sum Of Products {Overflow, Plus 16 Output 
And 6 Guard Bits) 


TRW LSI Products Inc. 
PQ. Box 247? 
La Jolla, CA 92038 


e Up To 3 Zero And 3 Non—Zero Stages Per Device 

e Two's Complement Arithmetic 

° {16-bit Sum—in And Sumi—Out Paris ror Cascading 
e Internal 1/2 LSB Rounding 

e All Inputs And Outputs Are Registered 

e One Coefficient Update Per Clock Cycle 

e Low Power Consumption CMOS Process 

e Single +5V Power Supply 

e Available In 68 Pin Grid Array And 69 Pin Plastic PGA 


Applications 


e FIR Filters 

e Adaptive Filters 

e Multi—Bit Correlation 

e One And Two Dimension Video Filtering 

e Radar Signal Processors 

e One And Two Dimension Convolution 

e Arithmetic Element For Systolic Array Processors 


Functional Block Diagram 
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TMC2243 


AXE 


Functional Description 


General Information 


The 1MC2243 consists of three identical arithmetic cells, each 
of which contains a 10 x 10 two’s complement multiplier and 
a 23-bit adder. Each cell receives the current data (DI) from 
the Data input register, multiplies it by a locally stored 
Coefficient (Clj), and adds it to the Sum Sijj_-4) received from 
the previous cell. The result. 


Sli = DI x Cl + Slq_4), 


then goes to the next cell via two serial pipeline registers. 
When only one pipeline register is enabled, stages (i-1) and | 
are sequential. When both registers are enabled, there is a 
stage with a zero coefficient between them. 


The input arithmetic cell receives Slj_4) via the 16-bit 
Sum-In port (registered when FT, = LOW), filling the six 
lower bits with 100 000 (1/2 LSB) for internal rounding. The 
output cell outputs the 16 MSBs (V91 through Vg) of SO; 
through a register to the Sum—Out port. The Overflow flag is 
set when the final output exceeds 16 bits and resets with the 
output of the next nonoverflowing result. Sum-Out and the 
Overflow Flag can be forced to high-impedance with the 
Qutput Enable control. See Figure 1. 


The two-bit Write Enable control specifies the loading of the 
three coefficient registers {one per arithmetic cell) with data 
appearing at the Coefficient Input port. 


Signal Definitions 


Power 

Vop, GND = The TMC2243 operates from a single +oV 
supply. 

Clock 

CLK The TMC€2243 has a single clock input. The 
rising edge of CLK strobes all enabled registers. 
All timing specifications are referenced to the 
rising edge of clock. 

Inputs 

Dig_g Dlg through Dig is the 10-bit registered Data 
Input; Dlg is the MSB {sign bit) and Dlg ts the 
LSB. Data is in two's complement 
representation, and is clocked into the data 
register on each rising edge of clock. See 
Figure 1. 

Sl91-6 Sloq thréugh Slg is the 16-bit Sum-In port. 


Sl91 is the MSB (sign bit). Sum—In is truncated 
to bit Slg (plus the 1/2 LSB rounding bit in 
Slsjand is in two's complement representation. 


see Figure 1. The Sum-—In port is registered, on 


the rising edge of clock, only when FIy =LOW. 


TRW LSI Products Inc. 


Unique input setup requirements must be 
observed when operating in the feedthrough 
mode (FTy = HIGH). See text. 


Clg through Clg is the 10-bit registered 
Coefficient Input; Clg is the MSB (sign bit) and 
Clg is the LSB. Each coefficient and its write 
enable address (CWE _93) are registered on the 
same clock. The coefficient is then latched into 
the indicated register (C;_3) at the rising edge 
of the next clock. The contents of this bus are 
ignored if a coefficient register is not selected 
(CWE = 00). The format of Clg_g is identical to 
that of Dig_p. 


Clg_g 


Outputs 


5091 through SOg ts the three-state 16-bit 
registered Sum—Qut port; S097 Is the MSB 
(sign bit). For maximum precision, the internal 
products and accumulations are 23 bits but 
sum-—Out is internally truncated to 16 bits, and 
excludes the overflow bit and the 6 LSBs. The 
format is identical to that of Slo1_p. See 
Figure 1. 
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TMC2243 


7 AIXWy 


Controls 


CWEy_9 The two bits of the registered Coefficient Write 
Enable control indicate which of the coefficient 
registers Is to receive a new coefficient at the 
beginning of the next clock cycle. 


OE 
CWE,_9 Coefficient Register Selected 
00 Holds all coefficients unchanged. 
01 Cy 
10 UD 
11 C3 Flags 
Figec4 These registered Feed Through controls select a 


clocked (FT; = LOW) or feedthrough 
(FT; = HIGH) operation for each of the pipeline 


Package Interconnections 


registers. Setting FI; = LOW inserts a zero 
coefficient stage, or additional register, before 
the ith non-zero stage. 


Qutput Fiablé Is a registered three-state enable 
control which forces the Sum-Qut port and 
Overflow to the high-impedance state when : 
HIGH. These outputs are enabled when OE is | 
LOW. | 


The Overflow Flag is a registered three-state 
output which goes HIGH whenever the 
Summation result exceeds 16 bits and Is reset 
to LOW on the next nonoverflowing result. 


_ Signal Signal 
Type Name G8, H8 Package Pins 


Power a a ae Supply Voltage BI, K6, C10, C11 


B2, K1, K10, B11 


Inputs Data ——_—_____— F2, Fl, G2, G1, H2, 
H1, J2, J1, K2, L2 
| Sloq_6 Sum Input L8, K9, L9, K11, J10, 
. -J11, H10, H11, G10, G11, 
F10, F11, £10, E11, D10, 011 
Clg_ 0 Coefficient Input K8, L7, K7, L6, L5, 
ey K5, L4, K4, L3, K3 
Outputs S091_5 A10, B9, A3, BB, A8, B7, A7, BB, 
. A6, B5, A5, B4, A4, B3, A3, A2 
Clock ak Master Clock L10 
Controls CWE, _ ee Coefficient Write Enable El, £2 


LL 1 Feedthrough Di, B2, C1 
Output Enable C2 
a a ar p10 
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Figure 1. Data Formats and Internal Busing 0 | 9-9 
Ag | Ag] Ar [a5 | As | Aa] Aa | Aa | Ar DATA IN 


ela To[s] S| & [a] |] exc 


9-13 9-18 


SIGN EXTENSION 


_94 2\ 
CN CI CIONG! CICS SEICICIL! Pr | P5[ 5 | Pa] Ps | P2| | Po | FiRsT PRoDucr 
21 S21] 820] Sia] S1a| S17 | S16] S15 | S14] S13] S| S11 | S10] Ss | Sa] S7 | S6[ 1 | © | © | 0 | 0 | 0 | sum 


te % fa] % | 7a] sr Parra su 
219] ra} 19} Or ra] 047/45] On fre] Or) O12] O11 | O10} Go [5 | Oy | | 05 | Ge] Oo | Oe | Os | Oo} secono PRoover 

22] Ue aa} Us] Ure] Ur) Ur] Ys] Ure] Ura] Ur U1] Uo} Us | Ue] Ur | Ys} Us| Ya} Us] Ye | Ys | Uo | seconn earn. sum 
DH 


ax | Vo] Va | Via] Va | Yr] Yas] 45] Ye |¥1a]¥i2| in| Yo | Vo | Ya] Vy | M6 [5 [va ] Ya [v2 | | Wo | ema sum 


OUTPUT 


_93 90. 2-1 
Where 
OV S = Sum-—In, Sum—Out 
P, QO, R = Products 
T, U, V = Partial Sums 
Because the Sum-In and Sum—Out ports are truncated by sum of products, effecting half-LSB rounding relative to the 
6 bits relative to the external accumulation pipeline, the output format. The chip internally utilizes all lower—order bits, 
3 to each emerging to 2718 


TMC2243 rounds internally by adding 27 
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Figure 2. Timing Diagram Demonstrating Basic Operation with FT;_3 = HIGH (no zero stages) 


PEDO CIENCIA CD CRED. 


| ae | | 
[ye teO41, oF Aco F 


c Ym YK KE RE 
| | LOAD NEW COEFFICIENTS 

ewe Kt XXX 2? XXX 2 XXX 

| | 's(sh tHisi) Note 1 


ic leaucceianeictants 
| | 
DEDEDE ED NED ED: 
| 


FT 


$0, OV 
Note 2 


Cl 


CWE 


Di 


SI 


~SOn = Siy—g + CyDIy—-5 + CoDIy_a + CgDIn—3 


Notes: 
1. Setup and Hold requirements for the Sum Input are similar to the other registered inputs when when FT, = LOW. See text. 


2. Sum Out and Overflow timing are shown with OE = LOW. 
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TMC2243 


AIX 


The basic equation describing the function of the TMC2243 
Operating in a fixed state Is: 


SUIN) = SIN - 6 + FT + FT2 + FT3) 
+ Cy x DIN - 7 + FT2 + FT3) 
+ Cx DIN - 5 + FT3) 
+ C3 x Dlin-3) 


Careful observation of the clock delays shown is basic to 
construction of a filter algorithm. The operating sequence for 
the common application with FT7_3 = HIGH (no zero stages) 
Is shown in Figure 2. The simplified block diagram 
demonstrates the clock stages in this configuration. When 

FT, = HIGH, the input feedthrough register is bypassed, and 
care must be taken to observe the setup requirements on the 
input of the first adder. Due to the absence of the input — 
register buffer, note that the adder operates on data stable 
just prior to the arrival of the next clock, and not that setup 


at the rising edge of the current clock. When FI; = LOW the 
input register latches the input data, and the Sum Input 

follows setup and hold requirements similar to the other 

registered inputs of the TMC2243. When FT = HIGH, tsjs}) is 
guaranteed to allow 20MHz pipelined operation, assuming that 
input setup is observed, including cascaded operation. See the 
AC Characteristics table, and Figure 9, Applications Discussion. 


Figure 3 shows the effects of the feedthrough registers on 
filter oneratian, yith two different configurations, The innuts 
are those presented at the corresponding rising edge of clock, 
excepting the delayed setup requirements of the Sum Input 
when FT, = HIGH. The outputs are those available up to and 
including the corresponding edge of clock. Applications utilizing 
the TMC2243's ability to modify coefficients dynamically are 
demonstrated in Figure 4, showing the operation of a typical 
adaptive filter. Note that the Sum Qutput will be zero in the 
first few clock cycles of all examples only if the Coefficient 
Registers are initialized to zero beforehand. 


Figure 3. Impulse Response Filter Operation Sequence with FT7 3 = LOW 


Cycle SHA) FT, = LOW SB) FT) = HIGH =| Dl | 


oo ~4~t oO Oo FS WS FNS 


ooo oo eo ao 2 
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sO 


Digko 

DIyKo 

Digk, + DloKy 

Sip + DlyKy + DlgKo 

Sly + Digpkg + DlgK, + DIgko 
Slo + DlyKg + Digk, + Dl5Ky 


0. Slg + DlpKg + Digky + Digko 
0 o Sly + Digky + DlgKy + DlyKy 
0 0 Siz + Dlgkp + Digky + DigKy 
0 0 Slg + Dlgky) + Dl7Ky’ + DigKy’ 
0 0 Sl7 + Dlgkg + Digky’ 
0 0 Slo + DIjKg + Digky’ 
0 0 Slg + Digkp’ 
0 0 DigKp’ 
0 0 0 
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SIIA} is the sequence of Sum Input data with FT;_3 = LOW (three zero stages). 
fh 


oat a a, 
A ny 
a] OE 
Le 


* LOL PL POLL PO-Lr * 


SO\ = Sly—g + CqDln-7 + CoDly—5 + C3Dly-3 


SI[B) is the sequence of Sum Input data with FT = HIGH and FT93 = LOW (two zero stages). 


ze 


SON = ire + a + CoDIn—5 + ete 


Cl 


CWE 
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Figure 4. Typical Adaptive Filter Operation Sequence 


Slo Dip Ay 01 


0 0 

1 Sl; DI; Ad 10 0 

2 Sly Diy Aj 11 0 

3 Sly Dig By 01 0 

4 Slq Diy Bo 10 0 

5 Sl5 Dis B3 i 0 

6 Sle C; Slo + AqDly + AgDly + AgDly 
7 Sl7 Co Slg + AyDly + AgDig + AgDIq 
8 Sly C3 Sig + AyDlg + AgDlg + AgDI5 
9 Slg Sl5 + ByDlq + BoDi5 + BgDlp 
10 


Sig + ByDi, + BoDig + BgDly 
Sl7 + ByDig + BoDl, + BaDlp 
Slg + CyDi7 + CoDig + CyDlq 
Slg + CyDig + CoDig + CqDIqp 


with FT; = LOW and FT73 = HIGH (one zero stage) 


: = 
CWE 


SOn = Sin—g + CyDiy-5 + CoDiy—a + CoDIn-3 
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Figure 5. Equivalent Input Circuit Figure 6. Equivalent Output Circuit 


Yop Vop . 


n SUBSTRATE n SUBSTRATE 


Di D1 


CONTROL 


INPUT OUTPUT 


p WELL 


= = GND 


Figure 7. Test Load 


TO 


output piIn& I vvVV——? Vioap 
oe CLK! 


GND (| THREE-STATE 
OUTPUTS HIGH IMPEDANCE 


0.5V 


Note: is : 
- 1 Assumes OE has gone LOW, within the Input Setup requirements. 
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Absolute maximum ratings (beyond which the device may be damaged) | 


SSUAPDDO ME WOON NS 8050s depot cedex tac soca ste dusted ceases acuta 2ctaaek autechabdaurneg dsc as Buco bust sansa facouecfeaomaee aa ss ncaa veg topos ana -0.5 to +7.0V 
MPAAEAE, MONG aN speech sia hae cecte setae nsec asec cee ove altace enna tucs eel oe assmee 0b hod GRSISUN asta -0.5 to (Vpn +0.5V) 
Output 
PAIGE G se pesca tease ard lese at tceslert ee ced cabeate Celia ashe Seen a aes ued eee nantes cteteitat -0.5 to Vpp +0.5V) 
Beir Cth UCT 8 ete nace ba celta Ac tthe 8 Bete ehMac Da tte ca chats -1.0 to 6.0mA 
Short—circuit duration (single output in HIGH state to Ground) ..............csssssssccssssssssssessssssssssssesecsssssssesssssssssesssssssmuscsssssssessessseessssseecssssusesessssseseecessssssseee 1 sec 
Temperature 
CEU ARNE, ASB cates eset eect Ske hee etc ahha tee aD aw cca earache dna deletes dats Nessa -60 to +130°C 
RSINICTNGOYD, caecscs eee ete cane atta ctace dt ecade eete tte tara teh a bid eran essa ices ange ate Aa Ai oe Ee ect 175°C 
Leach: SCION INES “CULE SE COHF RCS): se cincts tans ttsseSaovsed wats cledediae estaba fei ons dors 0 henpuv ba gales cacaiga cans Kalo ds east taa tase atnca esse Geanneaeteee RS 300°C 
SOE AG a acasrettes saat pestaepeaeece ce area shancnccteaa hea aed ageten tes aed essartaalseeie tetas tetas saad aac aa ae aay et -65 to +150°C 
Notes: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


Temperature Range 


loH Output Current, Logic HIGH 


ee aaa ee ea 
Tp Ambient Temperature, Still Air a ae eS ae ae ae °C 
pea eee ae en oa ae 


Te Case Temperature 


TRW LSI Products Inc. 39 


ie 
oF 


TMC2243 TPACLI 
: reat i | 
DC characteristics within specified operating conditions | 
Temperature Range 
Standard Extended 
Parameter Test Conditions | Min | Max | Min | Max | Units 
lnppq Supply Current, Quiescent Vpp = Max, Vy = OV, OE = HIGH | aa mA 
lnpy Supply Current, Unloaded Vpp = Max, OE = HIGH betel. eee 
f = 20MHz mA 
es 
Wp Input Current, Logic LOW Vpp = Max, Vin = OV UA 
hy Input Current, Logic HIGH Vop = Max, Vin = Yop -715 UA 
sO Vonage Lage 1 ea eee a 
Voy Output Voltage, Logic HIGH Vop = Min, Igy = Max 2.4 roe V 
loz, Hi-Z Output Leakage Current, Output LOW | Vpp = Max, Viy = OV Fao | ad | - 40 =? HA 
lozH Hi-Z Output Leakage Current, Output HIGH | Vpp = Max, Vin = Von | | -40 | AO -49 a LA 
los Short-Circuit Output Current Vop = Max, Output HIGH, one pin to ground, mA 
one second duration max 
C Input Capacitance Ty = 25°C, f = 1MHz ar ae pF 
Cy Output Capacitance Ty = 25°C, f = 1M ee oe ee 
Note: 
~ .. |,Actual test conditions may vary from those shown, but-guarantee operation as specified. 
AC characteristics within specified operating conditions 
: Temperature Range 
Standard Extended 
Parameter Test Conditions | | Min | Max | Min | Max | Units 
tpy, ‘Clock Pulse Width LOW Vop = Min } Foo ff om fl ns 
‘tpwH Clock Pulse Width HIGH Vpp = Min | 2 | 7 @ ff ot 
toc Output Delay, Cascaded Vop = Min, Cigap = 10pF a i: a eee ea ns 
tena Three-State Output, Enable Delay | Vop = Min, Cigap = 40pF ae = ae ns 
tos Three~State Output, Disable Delay | Vop = Min, Cigap = 40pF ee ns 
Note: 


1. All transitions are measured at a 1.5V level except for tpjg and tena. 
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Application Discussion 


Loading and Updating of Coefficients Table 1. Impulse Response 


Because of the TMC2243's internal architecture, its impulse 
response is C3, Co, Cy, where C3 is the rightmost coefficient 
and C1 Is the leftmost. However, for glitchless performance, 
coefficients must be updated from left to right: Cy then Co 
then C3. 


Response 


For example, consider an adaptive filter whose first set of 
coefficients is Aj, second set is Bj and third set is Cj (Figure 
4). First, the TMC2243 is initialized with Aj. If these are loaded 
in numerical {left to right) sequence, two of the first three 


data points can be loaded with them, as shown in Figure 4. Notes: 

Immediately after the third coefficient is loaded, the first |. Cg is the rightmost coefficient, Cy Is the leftmost. 

coefficient of the next set can be loaded, if desired, along with 2. FT; is relevant only if SUMIN is used. When multiple chips are 

the third data point. cascaded, FT, = LOW places a zero stage between their concatenated 


impulse responses. 


Building Longer Filters 


To build a filter of more than three non-zero stages, merely output, each TMC2243 incorporates a rounding increment of 1 
concatenate a series of TMC2243s. The coefficient inputs may into the sixth bit, to minimize bias. 
be connected to the data bus, a separate common coefficient 


bus, or separate buses, depending on system architecture, When TMC2243s are cascaded in this fashion, the minimum 

memory and bus resources, and coefficient updating permissible clock period is the sum of the output delay and Gu 
requirements. The data inputs are connected to a common bus. the Sum-lIn port's input setup time. When the Input Registers 

If the first feedthrough register is used (and a zero stage Is are enabled (that is, Fly = LOW), full 20MHz performance can 

not desired there), an external register should be inserted in be obtained. 


the data input path for proper timing (Figure 9). 
All data and coefficient inputs and outputs are two’s 


The 16-bit Sum—QOut port of each TMC2243 is connected to complement representation, whose relative scaling is presented 
the Sum-In port of the next TMC2243 in the chain; the filter in the Data Formats table, Figure 1. Although the data values 
output is the Sum—OQut port of the last TMC2243. Since the are shown in fractional format, the user can arbitrarily rescale 
6 LSBs of each TMC2243's accumulation pipeline are not them, as long as consistency Is maintained. 


Figure 9. Basic Diagram for Stacking the TMC2243 for High-Speed Operation 
(no zero tap desired between each TMC2243, all FT; = LOW). 


FROM TO 
SYSTEM ADDITIONAL 
BUS STAGES 


CLK >_—> TO ALL REGISTERS 
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Product 
Number 


TMC2243G8C 
TMC2243G8V 


TMC2243H8C 


Package 
Marking 


2243G8C 
2243G8V 


STD—Tp =0°C to 70°C | Commercial 68 Pin Grid Array 
EXT—Te= —55°C to 125°C MIL-STD-883 68 Pin Grid Array 


STD-Ty=0°C to 70°C 69 Pin Plastic Pin Grid Array 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


2243H8C | 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC2246 


CMOS Image Filter 
11x10 Bit, 40MHz 


The TMC2246 is a video speed convolutional array 
composed of four 11x 10 bit registered multipliers 
followed by a summer and an accumuiator. Ail eight 
multiplier inputs are accessible to the user and may be 
updated every clock cycle with integer or fractional two's 
complement data. A pipelined architecture, fully 
registered input and output ports, and asynchronous 
three-state output enable contro! simplify the design of 
complex systems. 


The data or coefficient inputs to the multipliers may be 
held over multiple clock cycles, providing storage for 
mixing and filtering coefficients. The 25-bit accumulator 
path of the TMC2246 allows two bits of cumulative 
word growth which may be internally rounded to 16 bits. 
Output data are updated every 25ns clock cycle, and 
may be held under user control. All data inputs, outputs, 
and controls are TTL compatible and are registered on 
the rising edge of clock, except the three-state output 
enable. 


The TMC2246 is uniquely suited to performing pixel 
interpolation in image manipulation and filtering 
applications. As a companion to the TRW TMC2301 
Image Resampling Sequencer, the TMC2246 Image Filter 
can execute a bilinear interpolation of an image (4-pixel 
kernels) at real-time video rates. Larger kernels or other 
more complex functions can be realized with no loss in 
performance by utilizing multiple devices. 


With unrestricted access to all data and coefficient input 
ports, the TMC2246 offers considerable flexibility in 
applications performing digital filtering, adaptive FIR 
filters, mixers, and other similar systems requiring high- 
speed processing. 


TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 


Fabricated using TRWs proprietary OMICRON-C™ one- 
micron CMOS process, the TMC2246 operates at a 


guaranteed clock rate of 40MHz over the full 


temperature and supply voltage ranges, and Is available 


ina 120 pin plastic pin grid array. 


Features 


e 40MHz Data And Coefficient Input And Computation 


e Four 11x10 Bit Multipliers With Individual Data And 


Rate 


Coefficient Inputs And 25-Bit Accumulator 


User-Selectable Fractional Or Integer Two's 
Complement Data Formats 


Input And Output Data Latches, With User- 
Configurable Enables 


User-Selectable 16-Bit Rounded Output 

Fully Registered, Pipelined Architecture 

Low Power Consumption CMOS Process 
Single +5V Power Supply 

Available In A 120 Pin Plastic Pin Grid Array 


Applications 


Phone: (619) 457-1000 
FAX: (619) 455-6314 


Fast Pixel Interpolation 

Fast Image Manipulation 

Image Mixing And Keying 

High-Performance FIR Filters 

Adaptive Digital Filters | 
One And Two Dimensional Image Processing. 
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Functional Block Diagram 


Dig_g Cip_i9 ENB! D2p-g = C2y_-19, ENB2 D3g_g_ C3y_49 ENB3 D4 C4p_19 ENB4 


ENSEL 


FSEL | 


CLK >——__——_—_—> 0 ALL REGS TE 


5| 
es 


515-0 
Functional Description 7 Signal Definitions 
General Information | Power 
The TMC2246 Image Filter is a flexible nuleplee |  Vpp, GND The TMC2246 operates from a single +5V 


summer array which computes the accumulated sum of — supply. All pins must be connected. 

four 11x10 bit products, allowing word growth up to 25 ——- = 

bits. The inputs are user-configurable, allowing latching of Clock 

either the 10 or 11-bit input data. The data format is aaa Bee 5 : 
user-selectable between integer or fractional two's CLK the eee ra trom pe ie 
complement arithmetic. Total latency from input registers sate oi He e aaa ge Pee 
to output data port is five clocks. The output data path aie > eee ee oe 

is 16 bits wide, providing the lower 16 bits of the ee en rene 
accumulator when in integer format or the upper 16 bits engeng) mney 

of the 25-bit accumulator path when fractional two's 


complement notation is selected. One-time rounding to Inputs 
16 bits is performed when accumulating fractional data, Dig.g— D1 through D4 are the 10-bit data input 
which is disabled when operating in integer format to D4g_9 ports. The LSB is Dxg. See Figure 1. 


maintain the integrity of the least-significant bits. 
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TMC2246 


TA At | 


Inputs (cont.} 


C119-9- 
0419-9 


Outputs 
515-0 


Controls 
FSEL 


ENSEL 


ENB1— 
ENB4 


C1 through C4 are the 11-bit coefficient 
input ports. The LSB Is Cxg. See Figure 1. 


The current 16-bit result is available at the 
Sum output. The LSB is Sg. See Figure 17. 


Data input during the current clock is 
assumed to be in fractional two's comple- 
ment format, rounding to 16 bits Is per- 
formed as determined by the accumu- 

lator control ACC, and the upper 16 bits of 
the accumulator are output when the 
registered Format Select input is LOW. 
When FSEL is HIGH, two's complement 
integer format is assumed, and the lower 
16 bits of the accumulator are presented at 
the output. No rounding Is performed when 
operating in integer mode. See Figure 1 
and the Applications Discussion. 


The registered Enable Select determines 
whether the data or the coefficient input 
registers may be held on the next rising 
edge of clock, In conjunction with the 
individual inout enables ENB1—ENB4. See 
Figure 2. 


When ENB: (i=1, 2, 3, or 4) is LOW, 
registers Ci and Di are both strobed by the 
next rising edge of CLK. When ENBi is 
HIGH and ENSEL is LOW, Di is strobed, but 
Ci is held. When ENB: and ENSEL are both 
HIGH, Di is held and Ci is strobed. See 
Figure 2. Thus, either or both input 
registers to each multiplier are updated on 
each clock cycle. 
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Figure 2. Input Register Control 


Input Register Held 


Data | 
Coefficient i 
None 


Where X denotes a ‘Don’ 
wan 9 
Uy u 


on't Care’ condition. Any 
‘a rn 


. 
ted on the next risin 


register 
af 


A 
Uu 


not exolicitly held ts 6 


n 
Gg GG U1 
clock. 
ACC When the registered Accumulator control is 
LOW, no internal accumulation will be 
performed on the data input during the 
current clock, effectively clearing the prior 
accumulated sum. If operating in fractional 
two's complement format (FSEL=LOW}, 
one-half LSB rounding to 16 bits is 
performed on the result. This allows the 
user to perform summations without 
propagating roundoff errors. When ACC is 
HIGH, the internal accumulator adds the 
emerging product to the sum of previous 
products, without performing additional 
rounding. 


The output of the accumulator is latched 
into the output register on the next clock 
when the registered Clock Enable is LOW. 
When OCEN is HIGH the contents of the 
output register remain unchanged, however 
accumulation will continue internally if ACC 
remains HIGH. 


EN Data currently in the output registers Is 
available at the output bus $75.9 when 
the asynchronous Output Enable is LOW. 
When QEN is HIGH, the outputs are in the 
high-impedance state. 
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pre 


Figure 1. Data Formats — 
. Fractional Two's Complement Format (FSEL=LOW) 


BIT 
DATA (D4_4) 
COEFFICIENT (Cy.4) 
SUM 


DATA (D4.4) 
COEFFICIENT (C;_4) 
SUM 


Package Interconnections 


Signal 
Type 


Power 


Clock 


Inputs 


D29_9 


Signal 
Name 


iv) 
i 
A 


D3g_g 


D4g_g 


Clio-o0 


C2199 


C319—0 


C4ig_g 


Outputs 


Controls 


I 
(p) 
oD 


© 
OQ 
m 
= 


No Connect 
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FSEL 
ENSEL 
ENB1 — 


ENB4 


Oo 
OC 


” 
ot 
on 

| 
So 


Supply Voltage 
Ground 


System Clock 
D1 Input 


D2 Input 
D3 Input 
D4 Input 
| C1 Input 
C2 Input 


C3 Input 


_ C4 Input 


Sum Qutput 


Format Select 

Enable Select 

Input Enables 
Accumulate 

Output Register Enable 
Output Enable 


Not Connected 


H5 Package Pins 


F3, H3, L7, C8 
E3, G3,. J3, L6, H11, C7 


Mi, K3, L2, NI, L3, 

M2, N2, L4, M3, N3 
J12, K13, J11, K12, L13, 
L12, Ki1, M13, M12, L11 
J13, H12, H13, G12, G11, 
G13, F13, F12, Flt, £13 
B4, C5, A4, BS, A5, 

C6, BG, A6, A7, B7 

M4, L5, N4, M5, N5, M6, 
N6, M7, N7, N8, M8 
N13, M11, L10, N12, N11, : 


ow 


M10, 9, N10, M9, N9, L8 


E12, D13, E11, D12, C13, B13, 
D11, C12, A13, C11, B12, 
A8, B8, A9, B9, A10, C9, 
B10, All, B11, C10, A12 


Ci, D2, D1, E2, E1, F2, Fi, G2, 
G1, H1, H2, J1, J2, K1, K2, L1 


© 


4 


~ 


A2, A3, B3 


=] 


od oO 


D4 (Index Pin) 


L5 Package Pins 


13, 21, 50, 112 
9, 17, 25, 46, 79, 116 


2 


28, 29, 30, 31, 35, 

36, 37, 38, 39, 40 

77, 76, 75, 74, 73, 

72, 71, 70, 69, 68 

78, 80, 81, 82, 83, 

84, 85, 86, 87, 88 
125, 124, 123, 122, 121, 
120, 119, 118, 117, 115 
41, 42, 43, 44, 45, 47, 
48, 49, 51, 52, 53 

64, 63, 62, 61, 60, 59, 
58, 57, 56, 55, 54 


_ 89, 90, 91, 92, 93, 94, 


95, 96, 97, 101, 102 
114, 113, 111,110, 109, 108, 
107, 106, 105, 104, 103 


7, 8, 10, 11, 12, 14, 15, 16, 18, 
19, 20, 22, 23, 24, 26, 27 


3 

130 

128, 127, 126, 129 
4 

5 

6 


1, 32, 33, 34, 65, 66, 67, 
98, 99, 100, 131, 132 
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Figure 3. Timing Diagram 
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Notes: 1. Except OEN. 
2. Assumes OEN =LOW. 


Figure 4. Equivalent Input Circuit Figure 5. Equivalent Output Circuit 
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Absolute maximum ratings (beyond which the device may be damaged) | 


SUTFUT UU ai) [1 (Oe a tn nO UT UDP SR ac OR IR re Dra een Re ev PP —0.5 to +7.0V 
PUG: WV ONG ats hctsaicss wi ceeeiceadateceteec eae beaestencuneeh ec ake aetna rete hae tila ve tis cenit cicatse rnc Mais Sueateeads naar tatenindenes a! —0.5 to (Vpp+0.5)V 
Output 
Applied voltage 2 ou... Sesser eet cuss vo bt dasa tc adetcua eta tas abana pmnannamraneena nan stmieeets —0.5 to (Vpp+0.5)V 
FORGO CSC Upp i © cece cerca Costa tne em arent aaa et A eet Secret Ret hae ee ee ela, Oat af —6.0 to 6.0mA 
Short-circuit duration (single output in HIGH state to QroUNd) oo... sscsesessesescseceseseesssesessessscstssesestscsteseeetseneees 1 Second 
Temperature 
COST ALIGN aS iep.cie gr ste tara acsseecttrcsncctass tases senate esencucantainics pia daaaaccontastatiat hte tianatues wewsinaietiterareine bj abanalanpaasanecinn —60 to + 130°C 
PURIUGEUD Nett coe cides tease tele ah oct geen AN lettre act eS eek caked Paaat asic cias hte ea Mucn nt ea iangedeath ath lathe ih seks 175°C 
Lead: SOlMEHING: ThUSSE CONS) 2.55 cjcr.sescusutcticetiieestccuctnsehasheeticaaist dvaunacevabset tein valad uuu ddawseadhejutadiastule nia auealees aden etna aioe 300°C 
Ole Gace acta Uaecarged etacrert th ct tate Baad OR atcesces ea ea apna nae toes iniogineanncealneaty teach aaa mean Geeeeaet —65 to + 150°C 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 
2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


Temperature Range 


Parameter | Test Conditions An Rem Men |i _ Ron er Units 


0. 


HE 
o 
No 
on 
= 
on 
on 
o 
ale 
<= 


Vop Supply Voltage 
ViL Input Voltage, Logic LOW 


Vin Input Voltage, Logic HIGH ee 


loL Output Current, Logic LOW 


lOH Output Current, Logic HIGH © —2.0 


| 
nN 
oO 
3 
> 


= 
”n 


tcy Cycle Time | Vop=Min 
TMC2246 
TMC2246-1 


tpwL Clock Pulse Width, LOW Vpp= Min 
TMC2246 
TMC2246-1 


tpywH Clock Pulse Width, HIGH Vpp=Min 


on 


_ ho} CO 
ol oO 


ts Input Setup Time TMC2246 ns 

TMC2246-1 ns 
ty Input Hold Time ieee | ns 
Ta Ambient Temperature, Still Air bo ee od 70 *G 
Te Case Temperature ar -55 125 ae 
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Electrical characteristics within specified operating conditions | 


Temperature Range 
Standard Extended 


Parameter Units 


Ippg Supply Current, Quiescent 
Ippy Supply Current, Unloaded 


| 
st 
roms) 


NL Input Current, Logic LOW 
ly = Input Current, Logic HIGH 


Vo, Output Voltage, Logic LOW Vop = Min, Ig, = Max 
Von Output Voltage, Logic HIGH Vop = Min, Igy = Max 2.4 


loz. Hi-Z Output Leakage Current, Output LOW | Vpp=Max, Vy =O0V 
lozH Hi-Z Output Leakage Current, Output HIGH | Vpp=Max, Vin =Vpp 


los  Short-Circuit Output Vpp = Max, Output HIGH, one pin to 
ground, one second duration max. 


3 
> 


= 
j> 


C Input Capacitance Ty = 25°C, f= 1MHz 
Cg Output Capacitance Ty =25°C, f= 1MHz 


po 
‘i 
3 
> 


Note: 1. Actual test conditions may vary from those shown, but operation is guaranteed as specified. 


Switching characteristics within specified operating conditions 


Temperature Range 


Parameter Test Conditions | Min | | Min | Max | 
tp Output Delay Vop=Min, Cy gap =25pF 
TMC2246 ns 
[a A 
tena Three-State Output Enable Delay ' Vpp=Min, Croap=250F | | 1 | | [os 
tpis .-‘ Three-State Output Disable Delay ' Vpp=Min, Cy gap =25pF a es ae ae ns 


Notes: 1. All transitions are measured at a 1.5V level except for tpg and tena. 
2. Consult factory for extended temperature specifications. 
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Applications Discussion 


Demonstration of Operation 


The versatile input clock enables and unrestricted data — storage, product accumulation, and device reconfigura- 
and coefficient inputs provided on the TMC2246 allow — tion prior to beginning a new accumulation. This 
considerable flexibility in numerous image and signal ~ assumes that the device is set to fractional two's 
processing architectures. Figure 7 shows a typical = complement mode (FSEL=LOW), with OCEN = LOW, 
sequence of operations which clarifies the inherent clock ©OEN=LOW, and the input registers configured to hold 
latencies of the device and illustrates fixed coefficient coefficients only (ENSEL=LOW). X="‘don't care.’ 


Figure 7. Typical TMC2246 Operation Sequence 
[cr | eNB,| 02 | c2 | eNB2| D3 | c3 | ENB3| 04 | ca | ENBy| ACC 
ea elastase Ie tate laste ee ee ee el ee ae 


D1(1) | C1(1) 


CLK 


D1(4) | C1(4) 
§(5) =D1(1)C1(1) + D2(1}C2(1) 
+ D3(1}C3(1) + D4(1)C4(1) +2710 
| $(6) =S(5) + D1(2)C1(1) + D2(2)C2(1) 
+ D3(2)C3(1) + D4(2)C4(1) 
S(7) = $(6) + D1(3)C1(3) + D2(3)C2(3) 
+ D3(3)C3(1) + D4(3)C4(1) 
S(8) = D1(4)C1(4) + D2(4)C2(4) 
+D3(4}C3(4) + D4(4)C4(4) +2710 


Notice in this example, operating in fractional two's cycle only of an accumulation. This avoids the propaga- 
complement mode, that rounding is imposed on the first ‘tion of accumulated roundoff errors. 


Using the TMC2246 for Pixel Interpolation - 


As a companion product to the TMC2301 Image locations simultaneously. Using such techniques, one 
Resampling Sequencer, the TMC2246 offers an excellent TMC2246 can perform bilinear interpolation (four-pixel 
tool for performing high-speed pixel interpolation and kernel) with no loss in system performance. Larger 
image filtering. Any pixel resampling operation with kernels can be realized in similar systems with additional 
multiple-pixel kernels must utilize some parallel- TMC2246s. See TRW Application Brief AB-4, 


processing technique, such as memory banding, in order “Performing Bilinear Interpolation Using the 

to maintain high-speed image throughput rates. Memory §7MC2301". Figure & illustrates a basic pixel inter- 
Banding utilizes adders to generate parallel offset polation application. 

addresses, allowing the user to access multiple pixel 
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Figure 8. Bilinear Interpolation Using the TMC2246 
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TMC2246 Applications in Digital Filtering 


Unrestricted access to all input ports of the TMC2246 Longer filters, with more taps, are realized by including 
allows the user considerable flexiblity in realizing an external adder (such as the common 74381 type} to 
numerous digital filter architectures. Figure 9 illustrates cascade multiple TMC2246s. Alternatively, two additional 
how the device may be utilized as a flexible high-speed = taps and a cascading adder are available in the TRW 
FIR Filter with the ability to modify all of the filter TMC2249 Digital Mixer. 

coefficients dynamically or to store a fixed set if desired. 


Figure 9. Utilization of the TMC2246 for FIR Filtering 


DATA 


COEFF 
SELECT 


T™MC2246 | TMC2246 
$15-0 3 | 315-0 


FILTER OUTPUT 


Pin Assignments — 120 Pin Plastic Pin Grid Array, HS Package 


[Name | Pin | Name | Pin | Name | Pin Name 
CLK G3 GND L3 Dis L7 GND 
| | Dig | N7 | Cty D4, 
Bl Dig Cl, D4 
D3 Dio Clo D4, 
C2 D1, C29 D4 
C1 Dig C2, D4r 
D2 Clip C25 D4g 
E3 Clg C22 D4, 
D1 Cle C24 D4 
E2 Clr C25 D4g 
E1 Cie C25 ENB3 
F3 C2, ENB2 
F2 Cle C2, ENB1 
Clq C29 


Clg C219 
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IAA {| 
Pin Assignments — 132 Leaded CERQUAD, L5 Package 
Pin | Pin | Name | Pin | Name | Pin | Name | Pin | Name | Pin | Name 
1 NC 23 S3 45 C1 6 67 NC 89 111 C49 
2 CLK 24 $9 46 GND 90 112 Vop 
3 FSEL Cis 113 C4q 
4 ACC 114 C449 
5 OCENB 115 D4 
6 OENB 116 GND 
7 $15 17 D4, 
8 Sig 118 D4, 
9 GND 119 D4, 
10 $13 120 D4, 
11 S19 121 D45 
12 Si] 122 D4g 
13 Vop 123 D4; 
14 Sig 124 D4g 
15 Sq 125 D4g 
16 Sp 126 EN3B 
17 GND 127 EN2B 
18 Sy 128 ENIB 
19 Se 129 EN4B 
20 Sp 130 ENSEL 
21 Vpp 131 NC 
22 Sq 132 NC 
132 100 
RLOOOOO000000000 
1lOQOeC0000000000 | a 09 
0} © © © ©OO9O ——————— ———— 
9] COCO 000 —— PIN 1 IDENTIFIER 
i ead ToptEN oon TOP VIEW 
op One 0 CAVITY UP C00 
6} OOO ©00 
5} COO K ©00 
410000 ©o0O0 
31 0000 ©O000000 
2110000 ©CO00000 %3 a 
110000 ©O000000 
ABCDEFGHJIKLMN 
34 66 


120 Pin Plastic Pin Grid Array — H5 Package 
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132 Leaded CERQUAD — L5 Package 


2106 


2A 
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Ordering Information 
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Product — Temperature Range Screening Package ieee | 
Number Marking 
TMC2246H5C STD—Ta=0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array ~ 2246H5C 
TMC2246H5C1 STD—T,j =0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 2246H5C1 
TMC2246L5V EXT-Tp = — 55°C to 125°C ~ MIL-STD-883 132 Leaded CERQUAD 2246L5V 
TMC2246L5V1 EXT—Te= —55°C to 125°C MIL-STD-883 132 Leaded CERQUAD 2246L5V1 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. . 
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TMCG2249 


CMOS Digital Mixer 
12x12 Bit, 30MHz 


The TMC2249 Is a high-speed digital arithmetic circuit 
consisting of two 12-bit multipliers, an adder and a 
CaScadéabie avcurmulaior. Ali four muitipiier inputs are 
accessible to the user, and each includes a user- 
programmable pipeline delay of up to 16 clocks in 
length. The 24-bit adder/subtractor is followed by an 
accumulator and 16-bit input port which allows the user 
to cascade multiple TMC2249s. A new 16-bit 
accumulated output is available every clock, up to the 
maximum rate of 30MH7z. All inputs and outputs are 
registered except the three-state output enable, and all 
are TTL compatible. 


The TMC2249 utilizes a pipelined, bus-oriented structure 
offering significant flexibility. Input register clock enables 
and programmable input data pipeline delays on each 
port offer an adaptable input structure for high- 

speed digital systems. Following the multipliers, the user 
may perform addition or subtraction of either product, 
arithmetic rounding to 16 bits, and accumulation and 
summation of products with a cascading input. The 
output port allows access to all 24 bits of the internal 
accumulator by switching between overlapping least and 
most-significant 16-bit words, and a three-state output 


enable simplifies a connection to an external system bus. 


All programmable features are utilized on a clock- 
by-clock basis, with internal data and control pipeline 
registers provided to maintain synchronous operation 
between incoming data and all available functions within 
the device. 


The TMC2249 has numerous applications in digital 
processing algorithms, from executing simple image 
mixing and switching, to performing complex arithmetic 


functions and complex waveform synthesis. FIR filters, 
digital quadrature mixers and modulators, and vector 
arithmetic functions may also be implemented with this 
device. 


Fabricated using TRWs proprietary OMICRON-C™ one- 
micron CMOS process, the TMC2249 operates at a 
guaranteed clock rate of 30MHz over the standard 
commercial temperature and supply voltage ranges, and 
is available in a low-cost 120 pin plastic pin grid array. 


Features 


e 30MHz Input And Computation Rate 


e Two 12-Bit Multipliers With Separate Data And 
Coefficient Inputs 


e Independent, User-Selectable Pipeline Delays Of 1 to 
16 Clocks On All Input Ports 


e Separate 16-Bit Input Port Allows Cascading Or 
Addition Of A Constant 


e User-Selectable Rounding Of Products 

e Fully Registered, Pipelined Architecture 

e Low Power Consumption CMOS Process 

e Single +5V Power Supply | 
e Available In A 120 Pin Plastic Pin Grid Array 


Applications 


e Video Switching 

e Image Mixing 

e Digital Signal Modulation 

e Complex Frequency Synthesis 
e Digital Filtering 

e Complex Arithmetic Functions 
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Functional Block Diagram 


Ll aa 


12x (16: 1) MUX 
G 


Functional Description | accumulator by swapping overlapping registers. The 
7 output bus has an asynchronous high-impedance enable, 
General Information to simplify interfacing to complex systems. 


The TMC2249 performs the summation of products | 
described by the formula: 


S(N+6} = A(N—ADEL)-B(N— spel) e|-1NEGIIN) : Power 


+ CIN —CDEL} -DIN — DDEL)«(— 1NES2IM} + CASIN +-3¢FT] Vpp. GND The TMC2249 operates from a single +5V 
supply. All power and ground pins must be 


Signal Definitions 


where ADEL through DDEL range from 1 to 16 pipe 


delays. All inputs and controls utilize pipeline delay pone nee: 

registers to maintain synchronicity with the data input Clock 

during that clock, except when the Cascade data input Is 

routed directly to the accumulator by use of the CLK The TMC2249 operates from a single 
Feedthrough control. One-half LSB rounding to 16 bits master clock input. The rising edge of clock 
may be performed on the sum of products while strobes all enabled registers. All timing 
summing with the cascade input data. The user may specifications are referenced to the rising 
access either the upper or lower 16 bits of the 24-bit edge of clock. 
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TMC2249 


Inputs 


At120> 
D11-0 


CAS 15-0 


Outputs 
S15-0 


Controls 
ENA—END 


ADEL3_9- 
DDEL3_p 


A through D are the four 12-bit regis- 
tered data input ports. Ag-Dg are the LSBs. 
See Jable 7. Data presented to the input 
ports is clocked in to the top of the 
16-stage delay pipeline on the next clock 
when enabled, “‘pushing’’ data down the 
register stack. 


CAS is the 16-bit Cascade data input port. 
CASg is the LSB. See Table 7. 


The current 16-bit result is available at the 
Sum output. The LSB is Sg. The output 
may be the most or least significant 16 bits 
of the current accumulator output, as 
determined by SWAP. Sg Is the LSB. See 
Table 1. 


Input data presented to port 111-0 (i=A, B, 
C, or D) are latched into delay pipeline i, 
and data already in pipeline i advance by 
One register position, on each rising edge 
of CLK for which ENi is LOW. When ENi is 
HIGH, the data in pipeline | do not move 
and the value at the Input port | will be 
lost before it reaches the multiplier. 


ADEL through DDEL are the four-bit 
registered input data pipe delay select word 
inputs. Data to be presented to the multi- 
pliers is selected from one of sixteen stages 
in the input data delay pipe registers, as 
indicated by the delay select word 
presented to the respective input port 
during that clock. The minimum delay Is 
one clock (select word=0000}, and the 
maximum delay is 16 clocks (select 

word= 1111}. Following powerup these 
values are indeterminate and must be 
initialized by the user. 


NEG1, NEG2 The products of the multipliers are negated, 


Causing a subtraction to be performed 
during the internal summation of products, 
when the Negate controls are HIGH. NEG1 
negates the product AxB, while NEG2 acts 
on the output of the multiplier which 
generates the product C x D. These controls 
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RND 


FT 


ACC 


rte 


indicate the operation to be performed on 

data input during the current clock, when 

the length controls ADEL—DDEL are set to 
Zer0. 


When the rounding control is HIGH, the 
sum of products resulting from data input 
during that clock is rounded to 16 bits. 
Rounding is performed only during the 
first vycie of each accumulation sequence, 
to avoid the accumulation of roundoff 


Errors. 


When the Feedthrough contro! is HIGH, the 
pipeline delay through the cascade data 
path is minimized to simplify the cascading 
of multiple devices. When FT is LOW and 
ADEL through DDEL are all set to 0, the 
data inputs are aligned, such that 

S(n+6) = CAS(n} + Aln)B(n) + C(n)D(n). 
see Table 2. 


Data presented at the cascade data input 


port are latched and accumulated internally 


when the input enable CASEN during that 
clock is LOW. When CASEN is HIGH, the 
cascade input port Is ignored. 


When the registered Accumulator control 

is LOW, no internal accumulation will be 
performed on the data input during the 
current clock, effectively clearing the prior 
accumulated sum. When ACC ts HIGH, 

the internal accumulator adds the emerging 
product to the sum of previous products. 


The user may access both the most and 
least-significant 16 bits of the 24-bit 
accumulator by utilizing SWAP. Normal 
operation of the device, with SWAP =HIGH, 
outputs the most significant word. Setting 
SWAP =LOW puts a double-register 
structure into ‘toggle’ mode, allowing the 
user to examine the LSW on alternate 
clocks. New output data will not be clocked 
into the output registers until SWAP returns 
HIGH. 


Data currently in the output registers is 
available at the output bus S15. when the 
asynchronous Output Enable is LOW. When 
OE is HIGH, the outputs are in the high- 
impedance state. 
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Table 1. Data Formats and Bit Weighting 


Note: 1. 


CR eee ee 
att] 210 | 28 | 


p28 | 27 | 28 | 28 | of | 28 | 2 | 8 | 20 | ata PUT (Any-o-Dit.0 


A minus sign indicates the sign bit. 


229] 222 [221 | 20 | 219 | 28 | ot? [206 | 96 | ate [218] ate | 2m [210 | 28 | 28 | cascave inpur (cass. 0) 


SUM (S459) 


Ea ELE EE eee 
220 f 209 f 288 fat? | 206 | 288 | ott fat | at | at | to] 29 | 28 


MSW 


Package Interconnections 


Signal 
Type 
Power 


Clock 


Inputs 


Outputs 


Controls 


No Connect 


98 


Signal 
Name 


CO 
Oo 


GND 
CLK 


A11-0 
Bi1-0 


011-9 


ADEL3.9 
BDEL3_ 


‘ep 
= 
m 
- 
ow 
S 


ENA-—END 
NEG1, NEG2 


4 


mn ” oO1o 
= >| oS 

3 O\ m 

= oH [eo 

Oo |o 


WY 
ZI 
p}} O 
me) 


; ij 
aoym 


Supply Voltage 
Ground 


System Clock 
A Input 


B Input 
C Input 
D Input 


A Delay 

B Delay 

C Delay — 

D Delay 
Cascade Input 


Sum Output 


Input Enables 
Negate 


Feedthrough 
Cascade Enable 
Accumulate 

Swap Output Words 
Output Enable 


None 


Index Pin 


H5 Package Pins 


F3, H3, L7, C8 
E3, G3, J3, L6, H11, C7 


N8, M8, L8, N9, M9, N10, 
L9, M10, N11, N12, L10, M11 
N7, M7, N6, M6, N5, M5, 
N4, L5, M4, N3, M3, L4 

AY, B9, A10, C9, B10, A11, 
B11, C10, A12, B12, C11, A13 
B8, A8, B7, A7, AG, B6, 

C6, Ad, Bb, A4, C5, B4 

L11, M12, M13, Ki1 

M2, L3, Ni, L2 

D11, B13, C13, D12 

A2, C4, B3, Al 

L13, K12, J11, K13, J12, J13, 
H12, H13, G12, G11, G13, F13, 
F12, Fit, E13, £12 


C1, D2, D1, E2, E1, F2, Fi, G2, 
Gi, Hi, H2, J1, J2, K1, K2, L1 


N13, N2, C12, A3 
Bi, D3 


oirmiqg 
— |R3 
wl] 


INO —_— 


K3 


cle 
Nf ~ 


ow 


L5 Package Pins 


13, 21, 50, 112 
9, 17, 25, 46, 79, 116 


2 


52, 53, 54, 55, 56, 57, 

58, 59, 60, 61, 62, 63 

51, 49, 48, 47, 45, 44, 

43, 42, 41, 40, 39, 38 

111, 110, 109, 108, 107, 106, 
105, 104, 103, 102, 101, 100 
113, 114, 115, 117, 118, 119, 
120, 121, 122, 123, 124, 125 
68, 69, 70, 71 

36, 35, 31, 30 

95, 94, 93, 92 

127, 128, 129, 130 

73, 74, 75, 76, 77, 78, 80, 81, 
82, 83, 84, 85, 86, 87, 88, 89 


7, 8, 10, 11, 12, 14, 15, 16, 
18, 19, 20, 22, 23, 24, 26, 27 


64, 37, 96, 126 


4,5 
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1, 32, 33, 34, 65, 66, 67, 
72, 98, 99, 100, 131, 132 
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Figure 1. Timing Diagram 


An-o-On-0 XX 0a XXXK 0B XX 
| | | 


CONTROLS ! | 


oe nats 


$15-0 


Notes: i Except OE. 
2. Assumes OE = LOW, and ADEL—DDEL set to 0. 


Figure 2. Equivalent Input Circuit 
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Absolute maximum ratings (beyond which the device may be damaged) ' 


STITT) "Qa (0) || | (=e eR eo ce Te ne Cre oe ee siuchis slab etal edie idee ee anaemia tes tela agtuaay! —0.5 to +7.0V 
INDE VOMADE sicdsvcccidaraneld aa clcnnvient bene ene nea sessssnanssusssesnencnnuanssnanssessssesenaceasssssusesestes foe hiies  iddas —0.5 to (Vpp +0.5)V 
Output 
Applied voltage OF Eo TR ia Ara hina lia hea NP ot fai eee Sh Chien nee —0.5 to (Vpp +0.5)V 
POCO CCGG UIE at. Das feta Me vcanadadsteen a tteiop teas Spade tcbectcencel Asda cenites ealeraracige eee —6.0 to 6.0mA 
Short-circuit duration (single output in HIGH state to Ground) oo... see ssesssessssssescsscsesseveesssscssssssssssseseseseeesssasersenes 1 Second 
Temperature . 
OE, CASO: so lateczs tesa ic cxwcnssvacacicss catered cides tay tuiw Sp toksO¥eioben nwa esp apbi ara heey aha ba oentgs xia aaepusecedteecataedcthacealeateots —60 to + 130°C 
PUMA CVI sscce it enna 3s caine herpes ad awsanaans en ebca a Abn sus dai eievan telah titel ted ei daa rec vas ea eee a taheeacna ea 175°C 
CHEB AG 22 SOE FING UL) SO CONES |e ctesicnastscuahionw svesin testeesiamitarasttadccuh ta eet neea eu teehac tc hches advber slcuiries ct vedtenstant ian ies teas cacsten tiaecape sen saiaeh Sel esd 300°C 
POE ei gence t arch vcs macparentcearasscwn da tvatece eat cacti sce cen vey not oureaaabanavaredarmieneneatde ct avay ceo tne mataaeatsom —65 to +150°C 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 
2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. - 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


Temperature Range 


Extended | 
Parameter Test Conditions | Min | Nom | Max | Min | Nom | Max | Units 


lon Output Current, Logic HIGH air Ce ae = 2:0 ae re ~2.0 | mA 


tcy Cycle Time 


iy Input Hold Time p-—— + Ts 
Tp Ambient Temperature, Still Air }-----t2- a so oe 2G 


Te Case Temperature — 55 naar *G 


ee. see it she memes em ronben en nbs emt ects Anan inet 


Note: 1. Consult factory for extended temperature SE 
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DC characteristics within specified operating conditions | 


Temperature Range 
Standard Extended 


Units 


Parameter Test Conditions 


Ippq Supply Current, Quiescent Vpp = Max, Vin =0V 
Inpu Supply Current, Unloaded Vpp=Max, OEN=5V, f=25MHz 
ne Input Current, Logic LOW Vop= Max, Vin = OV 


Wy Input Current, Logic HIGH Vop = Max, Vin=Vpp 


Vo, Output Voltage, Logic LOW Vpp= Min, Ip, =Max 
Voy Output Voltage, Logic HIGH Vop=Min, Igy =Max 


loz, Hi-Z Output Leakage Current, Output LOW | Vpp=Max, Vy =0V 


i 
-— 


— 
ro] 
me | eh 
olo o 
ho 
> 
<= 


lozH Hi-Z Output Leakage Current, Output HIGH | Vpp=Max, Vin =Vpp ae pA 

los Short-Circuit Output Vpp = Max, Output HIGH, one pin to mA 
ground, one second duration max. 

C Input Capacitance Ty = 25°C, f= 1MHz a pF 

Co Output Capacitance Tn = 25°C, f= 1MHz Se pF 


Note: 1. Actual test conditions may vary from those shown, but operation Is guaranteed as specified. 


AC characteristics within specified operating conditions 


Temperature Range 
Extended 
Units 


Parameter Test Conditions | Min | Max | Min | Max | 
tp Output Delay Vop=Min, C; gap = 25pF 

TMC2249 17 ns 
to Output Hold Time Vpp= Max, Ci gap = 25pF a a ee aa ns 
tena _ Three-State Output Enable Delay ' Vop=Min, Ci gap = 25pF i eS ae ns 
tpig _—sThree-State Output Disable Delay ' Vpp=Min, Ci gap=25pF ae iS ie ae ns 


Note: 1, All transitions are measured at a 1.5V level except for tpjc and tenia. 
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Applications Discussion 


Basic Operation 


The TMC2249 is a flexible eral ‘i Image processing — operation of the device, demonstrating the various 
building block with numerous user-selectable functions features available to the user and the timing delays 
which expand it’s HSeLUNesS Table 2 clarifies the incurred. 


Table 2. TMC2249 Operate Syne 


SE ND ac __ S150 


i L L = 

2 i | : one i L = 

3-| 0 07 0 0 H | oL se AL Ld = 

4 | 0 0. 0 07 L | L {| casa) JL} tL] ek = 

5 | 0 0 | 0 0 ae a 2 ARR te — 
6] 0 07 | 0 0 ek be es Toe dew (A(1}+B(1) +C(1)*D(1 ng 

7 | 0 0 0 0 les iL — |{L]|HIH (A(2)+B(2) —C(2}+D(2l) ng 

8 | 0 0 0 0 L | L | CAS) JH] LY] L (—A(3)+B(3) +C(3)*Di3)lng 

9} 0 0 0 0 L |e. ferme) (oe (a Oa (A(4)-B(4) + C(4)-D(4) + CAS(4)), 16 
10 (A(5)B(5) + C(5)+D(5) + CASI8)} 5 
11 (A(6)+B(6) +C(6)-D(6) +27) 1. 

12 (A(7)+B(7) + C(7)*D(7) +S(11}mng 
13 S(12))}, 

14 (A(9)+B(8) + C(7}*D(6)) mg 
Where H=HIGH, L=LOW. “ms” indicates most indicates that port not enabled. Note that the output 


significant output word (bits 23-8), “Is” indicates least. data summation including A(8)—D(8} is lost, since the 
significant word (bits 15-0). The appropriates enables Output on cycle 13 is swapped to the LSW of S(12} on 
for the indicated data are assumed, otherwise ‘—' cycle 8. 


Digital Filtering 


The input structure of the TMC2249 demonstrates great products of the desired taps have been summed, the 


versatility when all four multiplier inputs and the pro- resultant is available at the output. The user then 
grammable delay registers are utilized. Tables 3 and 4 “pushes a new time-data sample on to the appropriate 
demonstrate how a direct-form symmetric FIR filter of even or odd data register “stack” and reiterates the 


up to 32 taps can be implemented. By utilizing the four © summation. Note that the coefficient bank ‘‘pointers’’, 
input delay registers as pipelined storage banks, the user the BDEL and DDEL delay words, are alternately 
can store up to 32 coefficient-data word pairs, split into incremented and decremented on successive filter passes 


alternate “even” and “odd” halves. Two taps of the to maintain alignment between the incoming data 
filter are calculated on each clock, and the user then samples and their respective coefficients. The effective 
increments/decrements the delay words (ADEL—DDEL). filter speed is calculated by dividing the clock rate by 
The sums of products are successively added to the one-half the number of taps implemented. 


global sum in the internal accumulator. Once all of the 
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TMG2249 Tituw 
Table 3. Using the TMC2249 to Perform FIR Filtering — Initial Data Loading 
Register Position (Hex) PR ar a D 
0 x(31) x(30) h(0) h(1) 
1 x(29) x(28) h(2) h(3) 
2 x(27) x(26) h(4) h(5) 
3 x(25) x(24) hi6) h(7) 
4 x(23) x(22] h(8) h(9) 
5 x(21) x(20) h(10) h(11) 
6 x(19) x(18) h(12) h(13) 
7 x(17) x(16) h(14) h(15) 
8 x(15) x(14] h(15) h(14) 
9 x(13) x(12] — h(13) h(12) 
A x(11) x(10] h(11) h(10) 
B x(9) x(8) h(9) h(8) 
6 x(7) x(6) h(7) hi6) 
D x(5) x(4) h(5) hi(4) 
E x(3) x(2) h(3) h(2) 
F x(1) x(0) h(1) h(0) 


Table 4. FIR Filtering — Operation Sequence 


2 1 1 1 
3 2 2 2 
4 3 3 3 
5 4 4 4 
6 5 5 5 
7 6 6 6 
8 7 7 7 
9 8 8 8 
10 9 9 9 
rT A A | A 
12 B B B 
13 C C 
14 D D D 
15 E E E 
16 F F F 
17 0 0 F 
18 1 1 E 
19 ae D 
20 3 3 c 
21 4 4 B 
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woouonmioaBarnenmnmmrmTdteiouoeowerewowntomorwopnwp — 


as. So? co. cL. 2 Se ee: a. SE cc . SE SE. So? 7S Sa Ss SE CS 


a Lf tl a ae Se aD el LL Lee ee eae 


ae. Se: cS 2 Sr Se SE “SE * oD. Se Se ee a 


eC: SE Sb. SE: SE SE. Se Se Sk 6 Se. a. a ee a 


o}| of} of o |}H| HJ] aH] ala 


oa eS Ce Rs SR SS SR Oe SSS Se SSS OOO SOOO ON Os SOR SOS OD SU 


X(31) ¢h(0) + x(30) «h(1) 

+ xX(29)«h(2) + x(28) © h(3) 
+ x(27)+h(4) + x(26) «h(5) 
+ x(25)«h(6) + x(24)«h{7) 
+ x(23) + h(8) + (22)-h(9) 


+ x(21)+h(10) + x(20)-h(11) 
+ X(19)+h(12) + x(18) (13) 
+X(17)+h(14) + x(16)*h(15) 
+ X(15)+h(15) + (14)«h(14) 
+ x(13)+h(13) + x(12)+h(12) 
+ x(11)>h(11) +x(10)+h(10) 


+ X(9)©h(9) + x(8) +h(8) 
+ X(7)+h(7) + x(6) «h(6) 
+ x(5)«h(5) + x(4) «h(4) 
+ X(3)°h(3) + x(2)+h(2) 
+ X(1)*h(1) +x(0)«h(0) 
X(31) h(1) + x(32) +h(0) 
+ x(29)*h(3) + x(30) «h(2) 
+ xX(27)¢h(5) + x(28) -h(4) 
+ x(25)+h(7) + x(26) «h(6) 
+ X(23}«h(9) + x(24) «h(8) 


Resultant 
Output 


31 
S = h(k)x(n — k) 
k=0 
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Digital Filtering (cont.) 


Alternatively, non-symmetric FIR Filters can be Thus we can perform a complex multiplication in two 
implemented using the TMC2249 in a similar fashion. clock cycles. Notice that the user must switch the two 
Here, a shift register is used to delay the incoming data components of the second input vector between the B 
fed to the A input by an amount equal to one-half the and D inputs to obtain the second complex summation. 
length of the filter (the length of the A delay register). 

As shown in Figure 5, the data is then sent to the C Calculating a Butterfly 

Input, thus ‘‘stacking” the A and C delay registers to 
create a single N-tap FIR filter. The incremented delay 
words (ADEL—DDEL) for all four inputs are identical. 
Again, the filter throughput is equal to the clock speed 
divided by one-half the number of taps implemented. 


Taking advantage of the complex multiply which we 
implemented above using the TMC2249, we can expand 
slightly to calculate a Radix-2 Butterfly, the core of the 
Fast Fourier Transform algorithm. To review, the Butterfly 
is calculated as shown in Figure 6. 


Figure 5. Non-Symmetric 32-Tap FIR Filtering ; : ; 
Using the TMC2249 Figure 6. Signal Flow Diagram of Radix-2 Butterfly 


TMC2011 A X 


16—STAGE Vv 
SHIFT REGISTER 


x(m) Wa! | 
B Y 

ae Where X = A+B(Wyy)) 

TMCc2249 Y = A-—B(Wyy", 


315-0 | i — 
and Wa)! is the complex phase coefficient, or “twiddle 


factor’ for the N-point transform, which is: 


OUTPUT Wal = e~il2x/N) 
= cos(2a/N) + j(sin(2a/N)) 
Complex Arithmetic Functions = Re(W) + jlm(W), 


The TMC2249 can also be used to perform complex 
arithmetic functions. The basic function performed by the 
device, ignoring the delay controls, 


with Re and Im indicating the real and imaginary parts 
of the vector. 


SUM = (+AeB) + (+CeD), | | Expanding the complex vectors A and B to calculate x 
and Y, we get: 


X = (Re(A) + jlm(A}} + (Re(B)Re(WV} —Im(B)Im(W) +j(Re(B}!m(W) + Im(B)Re(W)) 
(P+jR}(S +1) = (PS—RT) + j(PT+SR) = (Re(A) + Re(B)Re(W) — Im(B}lm(W}}) + j(Im(A) + Re(B)im(W) + Im(B)Re(W)}) 
(1) (2) = Re(X)+jlm(X) 


can realize in two steps the familiar summation: 


by loading the TMC2249 as follows: and, 


Y= (Re(A) + jlm{A)) — (Re(B)Re(W} — Im(B)Im(W) + j(Re(B}Im(W) + Im(B)Re(W)}) 
= (Re{A}—Re(B)Re(W) + Im(B)Im(W)) + j(Im(A} — Re(B)Im(W) — Im(B)Re(W)) 
= RelY}+jlm(Y) 


TMC2249 Inputs 


Step CREE Ls Resultant Output 


(PS—RT) 
(PT+SR) 


where H and L indicate a logic HIGH and LOW. 
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Calculating a Butterfly (cont.) 


The butterfly is then neatly implemented in four clocks, 
as follows: 


TMC2249 Inputs 


Resultant 
Output 


[Rel] Retwi| m6) imwi| Reta) | L_| A 
| Re(B)| Re(W)| Im(B)| tmiw)|Re(A) | WH | | 
| Re(B)| Im(W)| im(B)| RelW)| tmia) | L | Lt | 
| Re(B)| Im(w} tm(B)} Ret) | ima) | HK | H | 


Notice again that the components of the second vector 
must be switched by the user on the second half of the 
computation, as well as the parts of the vector 
presented to the cascade input. 


Quadrature Modulation 


The TMC2249 can also be used to advantage as a 
digital-domain complex frequency synthesizer, as 
demonstrated in Figure 7. Here, orthogonal sinusoidal 
waveforms are generated digitally by sequentially 
addressing Sine and Cosine ROMS. These quadrature 
phase coefficients can then be multiplied with two input 
signals, such as digitized analog data. The TMC2249 
then adds these products, which could be output directly 
to a high-speed digitai-to-anaiog converter such as the 
TRW TDC1012 for direct waveform synthesis. This 12-bit, 
20MkHz DAC is ideally suited to waveform generation, 
featuring extremely low glitch energy for low spurious 
harmonics. 


Figure 7. Direct Quadrature Waveform Synthesizer Using the TMC2249 


B = SIGNAL 1 


A= MIXER 
AMPLITUDE 


F = MIXER 
FREQUENCY 


01 C=SIGNAL2 


SWAP 


16 


TMC2249 [> OUTPUT = Ax (B x COS(FT) + C x SIN (FT)) 


ENA-D 


Pin Assignments — 120 Pin Plastic Pin Grid Array, H5 Package 


TRW LSI Products Inc. 


65 


Gu 


TMC2249 ae 


Pin Assignments — 132 Leaded CEROQUAD, L5 Package 


99 
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Ordering Information 


Product Temperature Range Package Package 
Number Marking 
TMC2249H5C STD—Tpj=0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 2249H5C 
TMC2249H5C1 STD—T,y=0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 2249H5C1 


TMC2249L5V 
TMC2249L5V1 


2249L5V 
2249L5V1 


EXT—Te = —55°C to 125°C MIL-STD-883 132 Leaded CERQUAD 
EXT—Te= —56°C to 125°C MIL-STD-883 132 Leaded CERQUAD 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specitications without notice. Ihis information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC2250 


Matrix Multiplier 
12x10 Bits, 40MHz 


The TMC2250 is a flexible high-performance nine- 
multiplier array VLSI circuit which can execute a 
cascadeable 9-tap FIR filter, a cascadeable 4 x 2 or 

3 x 3-pixel image convolution, or a 3x3 color space 
conversion. All configurations offer throughput at up to 
the maximum guaranteed 40MHz clock rate with 12-bit 
data and 10-bit coefficients. All inputs and outputs are 
registered on the rising edges of the clock. 


The 3x3 matrix multiply or color conversion configu- 
ration can perform video standards conversion {YIQ or 
YUV to RGB, etc.) or three-dimensional perspective 
translation at real-time video rates. 


artyy 


a 16-bit cascade input to allow construction of 
longer filters. 


The cascadeable 3 x 3 and 4 x 2-pixel image convolver 
functions allow the user to perform numerous image 
processing functions, including static filters and edge 
detectors. The 16-bit cascade input port facilitates two- 
chip 40MHz cubic convolution (4 x 4-pixel kernel). 


The TMC2250 is fabricated in TRW's OMICRON-C™ 

one-micron CMOS process and operates at clock speeds 
of up to 40MHz over the full commercial (0°C to 70°C) 
temperature and supply voltage ranges. It is available in 


a 121 pin plastic pin grid array (PPGA) package. All input 
The 9-tap FIR filter configuration, useful in Video, and output signals are TTL compatible. 


Telecommunications, and Signal Processing, features 


Logic Symbol Gu 


CLOCK 


PIN DATA ‘CASCADE 
MODE (1,0) ‘; NAME OUTPUT INTERFACE 
CONTROL I 
cm (1, 0) Ca XC (11 = 0) =X (11-0) / CASIN (15 - 4) 
4 
(——~———> YC (11-8) = ¥ (11 - 8) /CASIN (3 - 0) 
KA (9-0) 
COEFFICIENT < KB (Q-0) ——t-—— Y(7-4) = ¥(7-4) 
‘ 4 
—— >) YC (3-0) = ¥(3-0)/CASOUT (3 - 0) 
KC (9-0) : 
ey aaa ZC (11 - 0) = 2 (11-0) / CASOUT (15 - 4) 
A(11-0) 
DATA 
inputs S  B(tt-0) 


C (11-0) 
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Features 


e. Four User-Selectable Filtering And Transformation... 


Functions: 
Triple Dot Product (3 x 3) Matrix Multiply 
Cascadeable 9-lap Systolic FIR Filter 
Cascadeable 3 x 3-Pixel Image Convolver 
Cascadeable 4 x 2-Pixel Image Convolver. 
e 40MHz (25ns) Pipelined Throughput 
e 12-Bit Input And Output Data, 10-Bit Coefficients 


° 16-Bit Cascade Input And Output Ports In All Filter 
Modes | 


e Qnboard Coefficient Storage, With Three- Cyole 
Updating Of All Nine Coefficients 


Applications 

e Image Filtering And Manipulation 

e Video Effects Generation | 

¢ Video Standards Conversion And Encading/Decoding 
e Three-Dimensional Image Manipulation 

e Medical Image Processing 

e Edge. Detection For Object. Recognition 


"= @ FIR Filtering For Communications Systems 


Functional Description 


General Information 


The TMC2250 is a nine-multiplier array with the internal 


bus structure and summing adders needed to implement 
a 3x3 matrix multiplier (triple dot product) or cascade- 
able 9-tap FIR filter, 3 x 3-pixel convolver, or 4 x 2-pixel 
convolver, all in one monolithic circuit. With a 30MHz 
guaranteed maximum clock rate, this device offers video 
and imaging system designers a single-chip solution to 


numerous common image and signal-processing problems. | 


The three data input ports (A, B, C) accept 12-bit two's — 


complement integer data, which is also the format for 
the output ports (X, Y, Z) in the matrix multiply mode 


(Mode 00}. In the filter configurations (Modes 01, 10, 
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and 11), the cascade ports assume 12-bit integer,.4-bit . 
fractional two's complement data on both input and 
output. The coefficient input ports (KA, KB; KC) -are® 
always 10-bit two's complement fractional. Table 1 
details the bit weighting of the input and output data in 


all configurations. 


Operating Modes — 


The TMC2250 can miplemiont four different digital filter 
architectures. Upon selection of the desired function by 
the user (MODEy-9), the device reconfigures its internal 
data paths and input and output buses appropriately. The 
output ports (XC, YC, and ZC) are configured in all filter 
modes as 16-bit Cascade In and Cascade Out ports so 
that multiple devices can be connected to build larger 
filters. These modes are described individually below. The 
I/O pin-function configurations os all io modes are 
shown in Table 1. 


Definitions 
The calculations performed by the TMC2250 in each 


_ mode are.also shown below, utilizing the. mrgwing 


notation: 
A(1), B(5}), Indicates the data word presented to that 
C(2), _ input port during the specified clock rising 
CASIN(3) edge (x). Applies to all input ports A41-9, 
B11-9, C44-g, and CASIN45_0. 
~.KAI(1), . . Indicates coefficient data stored in the 
~KB3(4) - specified one of the nine onboard coeffi- 
a cient registers KA1 through KC3, as shown 
in the block diagram for that mode, input 
during or before the specified clock rising 
edge (x). 
X(1}, Y(4}, Indicates data available at that output port 
Z(6), tpg after the specified clock rising edge 
CASOUT(6) (x). Applies to all output ports X11-0. 


Y44-9, 214-9, and CASQUT 15-9. 
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Table 1. Data Port Formatting by Mode 


Inputs/Outputs Outputs 


Mode | Aqy.9 = Byy-9 )©=— 44-9 )~=—KAg.9 §©=—- KBg.9 §=—KC 9.9 XC11.9 YCw4-g | Y7-4 YC3.9 2011-0 


00 Ai-0 =Bit-o0 © St1-0 «= KAg.g §=—KBg.9 §=— KC Xi-0 © Y11-8 Y7-4 Y3-0 211-0 
01 Ai-o © Att-o NC  KAg.g KBg-g ~-KCg-9 | CASINys.4 CASIN3 9 | NC  CASOUT39 CASOUT;5 4 
10 An-o Bro © C110. ~KAg-9 «= KBg-9 ~=- KCg-g | CASING5 4 CASIN3.9 | NC  CASOUT3 9 CASOUT 5-4 
1 Ai-o Bro NC — KAg.g  KBg-9 += KCg.g | CASINy5.¢ CASIN3.9 | NC  CASOUT39 CASOUTi5.4 
rel tt ee set pst sn esters 
Numeric Format Data Overflow 
Table 2 shows the binary weightings of the input and As shown in fable 2, the TMC2250's matched input and 
output ports of the TMC2250. Although the internal output data formats accommodate O dB (unity) gain. 
sums of products could grow to 23 bits, in the matrix Therefore, the user must be aware of input conditions 
multiply mode (Mode 00) the outputs X, Y, and Z are that could lead to numeric overflow. Maximum input 


truncated to yield 12-bit integer words. Thus the output data and coefficient word sizes must be taken into 
format is identical to the input data format. In the filter | account with the specific algorithm performed to ensure 


configurations (Modes 01, 10, and 11) the cascade that no overflow occurs. 
output is always half-LSB rounded to 16 bits, specifically ; ae 
12 integer bits and 4 fractional guard bits, with no Signal Definitions 


overflow ‘headroom.’ The user is of course free to half- 
LSB round the output word to any size less than 16 bits Power 

by forcing a 1 into the bit position of the cascade input . 

immediately below the desired LSB. In all modes, bit. “DD: GND The ee aes from eee +9V Gu 
weighting is easily adjusted if desired by applying the a ie ce eal i 

Same scaling correction factor to both input and output 


data words. If the coefficients are rescaled, the relative Clock | 
weightings of the CASIN and CASOUT ports will differ CLK The TMC2250 operates from a single 
accordingly. system clock input. All timing specifications 


are referenced to the rising edge of clock. 


Table 2. Bit Weightings For Input and Output Data Words 


Bit Weights 211 210 99 98 27 26 95 24 23 22 91 20 | 9-4 9-2 2-3 2-4 2-5 2-6 2-7 2-8 2-3 
Inputs 

All Modes 

Data A, B,C 44 lo Ig lg lj Ig Is 14 Ig lo I lo 

Coefficients 

KA, KB, KC Kg . Kg Kz Kg Ks Ky Kg Ky Ky Kg 
Modes 01, 10, 11 

CASIN Chis Chg Chg Cho Cly Clq Clg Clg Clr Clg Cle Cl | Clg Cl Ch Cl 

Internal Sum X99 X19 Xi X17 X16 X15 X14 X13 X49. X1 X19 Xg ‘ Xg X7 X6 Xe Xq X93 X9 Xq Xo 
Outputs 

Mode 00 

X, Y,Z -01, O19 Og Og 07 Og Or O, 03 05 0; Op 

Modes 01, 10, 11 

CASOUT -C045 C044 C043 C047 CO4; CO;q COg COg CO7 COg COg CO, ~~. C03 CO, CO, COy 


Note: 1. A minus sign indicates a two's complement sign bit. 
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3x3 Matrix Multplier (Mode 00). 


This mode utilizes all six input and output ports in oS truncated to 12 bits are then available every clock cycle. 
basic configuration to realize a “triple dot product,’ See Table 6 and the Applications Discussion section 
which each output is the sum of all three input cael in regarding encoded video standard conversion matrices. 
that column multiplied by the appropriate stored (5) =A(1KAT(1) + B(1)KB1(1} + CI)KCA (1) 


coefficients. The three corresponding sums of products ; 
are available at the outputs five clock cycles after the — Y{5} = AITKAZ(T} + BUTKB2(1) + C()KE2(T] 
input data are latched, and three new data words a © £{5) = AUTKAS(1) + BU1)KB3(1) + C(TKC3 (1) 


Figure 1. 3x 3 Matrix Multiplier Impulse Response (Mode 00) 


manane XK! DOK? XK KX 
DATAIN A,B, C 0 KX 0 AX 1.0 XK nN? KA KA? KX 
MODE CONTROL XK KX 


KAy + KB, + KC, 
X OUT . 

KAy + KBy + KC 
Y OUT 

KAg + KBy + KC, 
Z OUT 
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Figure 2. 3x 3 Matrix Multiplier Configuration (Mode 00) 
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9-Tap FIR Filter (Mode 01) 


The architecture for this configuration is shown in Figure registers on every clock in anticipation of a new input 
3. The user loads the desired. coefficient set, presents” data word. 


input data to ports A and B simultaneously (most appli- = | | 
cations will wire the A and B inputs together), and eon ae ee eae 
receives the resulting 9-sample response, half-LSB + B{6)KB3(8) + B(5)KB2(8) + Bi4)KB1(7) 


rounded to 16 bits, 5 to 13 clock cycles later. A new + B(3)KC3(9) + B(2)KC2(8) + B(1)KC1(7] 

output data word is available every clock cycle. The + CASIN(10} 

figure shows that the input data are automatically right- 

shifted one location through the row of multiplier input Latency: Impulse in to center of J-tap response =9 
| 7 - registers. Cascade In to Cascade Out=4 registers. 


Figure 3. 9-Tap FIR Filter Impulse Response (Mode 01) 
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ue Ko Xo KX 

wee KOXGKGX 

DATAIN re | Ki. | - , | K 
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TMC2250 rt 
Figure 4. 9-Tap FIR Filter Configuration (Mode 01) 
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3 x 3-Pixel Convolver (Mode 10) 


This filter configuration accepts a 3-pixel-square neigh- anticipation of three new input data words, effectively 
borhood, side-loaded three pixels at a time through input — sliding the convolutional window over one column in an 
ports A, B, and C, and multiplies the 9 most recent pixel image plane. 

values by the coefficient set currently stored in the CASOUTI7) = A(3)KA3(3) + A(2)KA2(2} + AMTJKAN(1} 
registers. These products are summed with the data — 

presented to the cascade input, and a new 3-cycle + BISIKBS(8) + BIZ]KB2(2) + BIBT (1) 
impulse response, rounded to 16 bits, is available at the + C(3)KC3(3) + C(2)KC2(2) + C(1)KC1(1) 
output port 5-7 clocks later, with a new output available + CASIN(4) 

on every clock cycle. The input pixel data are automati- ’ 

cally shifted one location to the right through the three —_ Latency: Impulse in to center of 3-tap response =6 
rows of multiplier input registers on every clock in registers. Cascade In to Cascade Out=4 registers. 


Figure 5. 3 x 3-Pixel Convolver Impulse Response (Mode 10) 


weg dts 2 3 4 5 CG SF 8 9 10 11 
Ku Xu Xu X d 
CWE | | 
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Kt 
MODE 10 XX _ of ke 
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cASOUT ee XK Ia XK ie KX 3k Ko X 
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Figure 6. 3 x 3-Pixel Convolver Configuration (Mode 10) 
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4 x 2-Pixel Cascadeable Convolver (Mode 11) 


Similar to Mode 10, the 4 x 2-pixel convolver allows the 
user to perform full-speed cubic convolution with only 
two TMC2250 devices and the TMC2111 Pipeline Delay 
Register to synchronize the cascade ports (see the 
Applications Discussion section). Pixel data are side- 
loaded into ports A and B, multiplied by the onboard 


coefficients, summed with the cascade input, and half- - 
LSB rounded to 16 bits. The four-cycle impulse response 


emerges at the cascade output port 5 to 8 clock cycles 
later. A new output word is available on every clock 
cycle. Note that Multiplier KC2 is not used in this mode 


and that its stored coefficient is ignored. As shown 
below, the column of input pixel data is automatically 
shifted one location to the right through the two rows of 
multiplier input registers on every clock in anticipation of 
two new input data words, effectively sliding the 
convolutional window over one column in an image 
plane. 


CASOUT(8) = Al4)KA3(4) + A(3)KA2(3) + A(2)KA1(2] 
+ A(1)KB3(4) + B(4)KB3(4) + B(3)KB2(3) 
+ B(2)KB1(2) + B(1)KC1(2) + CASIN(5) 


Figure 7. 4 x 2-Pixel Convolver Impulse Response (Mode 11) 
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Figure 8. 4 x 2-Pixel Convolver Configuration (Mode 11) 
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Signal Definitions (cont.) 


Controls 


MODE; 9 The TMC2250 will switch to the configu- 
ration selected by the user (as shown in 
Table 3) on the next clock. This registered 
control is usually static; however, should the 
user wish to switch between modes, the 
internal pipeline latencies of the device 
must be taken into account. Valid data will 
not be available at the outputs in the new 
configuration until enough clocks in the 
new mode have passed to flush the internal 
registers. 


Table 3. Configuration Mode Word 


Configuration Mode 


3X3 Matrix Multiply 
9-Tap One-Dimensional FIR 
3 x 3-Pixel Convolver 
4 x 2-Pixel Convolver 


01 
10 


Data presented to the coefficient input 
ports (KA, KB, and KC) will update three of 
the internal coefficient storage registers, as 
indicated by the simultaneous Coefficient 
Write Enable select, on the next clock. 
see Table 4 and the Functional Block 
Diagram. 


CWE, 9 


Table 4. Coefficient Write Enable Word 


Coefficient Set Selected 


00 Hold all registers 
01 Update KA1, KB1, KC1 
10 Update KA2, KB2, KC2 © 


Update KA3, KB3, KC3 


Table 5. Coefficient Input Ports 


Input Port Registers Available 
KA KAI, KA2, KA3 
~ KB KB1, KB2, KB3 


KC1, KC2, KC3 
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Inputs And Outputs 


Data presented to the 10-bit registered 
data input ports A, B, and C are latched 
into the multiplier input registers for the 
currently selected configuration (Table 3). 
In all modes except Mode 00, new data 
are internally right-shifted to the next filter 
tap on each rising edge of CLK. 


Data presented to the 10-bit registered 
coefficient inout ports KA, KB, and KC are 
latched three at a time into the internal 
coefficient storage register set indicated by 
the Coefficient Write Enable CWE, g on 
the next clock, as shown in Table 4. 
CASIN45.g In all modes except Mode 00, the x port 
and four bits of the Y output port are 
reconfigured as the 16-bit registered 
Cascade Input port CASIN 75.9. Data 
presented to this input will be added to 
the weighted sums of the data words 
which were presented to the input ports 
(A, B, and C). 


In the matrix multiply mode, data are 
available at the 12-bit registered output 
ports X, Y, and Z tpg after every clock. 
These ports are reconfigured in the 

_ filtering modes as 16-bit Cascade Input 
and Output ports. 


NOTE: The output ports X, Y, Z and CASOUT, and the 
input port CASIN are internally reconfigured by the 
device as required for each mode of the device. The 
multiple-function pins have names which are combi- 
nations of these titles, as appropriate. 


CASOUT 45-9 In all modes except Mode 00, the Z port 
and four bits of the Y output port are 
reconfigured as the 16-bit registered 
Cascade Output port CASOUT 5.0. 
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Package Interconnections 


Signal Signal 

Type Name 

Power Vop Supply Voltage 

Clock CLK System Clock 

Controls Mode Control 

| CWE} 0 Coefficient Write Enable 
Input/Output A11-0 Data Input A 


Data Input B 

Data Input C 

Coefficient Input A1, A2, A3 
_ Coefficient Input B1, B2, B3 

Coefficient Input C1, C2, C3 

CASIN;5_4/Output X 

CASIN3_q/Output Y; 1-0 

Output Y7_4 Only 

CASOUT3_9/Output Y3_9 

CASOUT, 5-4/Output Zy 1-0 


-0 
C11-0 
KAg.9 


KC9.9 
XC11-0 
YC 11-8 
YC3.0 
2011.9 


— “as = 
~ co re 
eS 


H5 Package Pins | 


F3, H3, L7, C8, C4 
E3, G3, J3, L4, L6, H11, C7, C5 


D11 


B5, A4 
J12, J13 


E11, D13, E12, E13, F11, F12, F13, G13, G11, G12, H13, H12 
Bi0, A11, B11, C10, A12, B12, C11, A13, C12, B13, C13, D12 
A5, C6, B6, A6, A7, B7, A8, B8, A9, B9, A10, C9 

K13, J11, K12, L13, L12, K11, M13, M12, L11, N13 

M11, L10, N12, N11, M10, L9, N10, M9, N9, L8 

Ms, N8, N7, M7, N6, M6, N5, M5, N4, L5 

B4, A3, A2, B3, Al, C3, B2, B1, D3, C2, C1, D2 


D1, E2, E1, F2 


Fi, G2, Gi, HI 
K1, J2, Jt, H2 | | 
M4, N3, M3, N2, M2, L3, N1, L2, K3, M1, Lt, K2 


Figure 9. Input/Output Timing Diagram 


toy 
rar aa ine 
1 | 2 3 4 5 


- Xx ee 


8] 
Ho 


KA, KB, KC 


X, ¥,2 
CASOUT 


21289A 


Figure 10. Equivalent Input Circuit: 
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Figure 11. Equivalent Output Circuit 
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Absolute maximum ratings (beyond which the device may be damaged) ! 


SUD DNY WV ONO esac oer tance Ganind irate eaten ee etme aaa an a anata eaten ean ee: —0.5 to +7.0V 
Input Voltage ae cada ce Me chatted a tecsnecchehtac gate cay tuast ncaa eeu gatasiniteboc deat aca t3 iy ae ght Caley Suse Soasne near en Phe t a weeeticiceant ana baes —0.5 to (Vpp+5.0)V 
Output 
Applied Voltage sagan case eaccnace neuen ataanmenen aco Aatincaluiakcmadtaees —0.5 to (Vppj+5.0)V 4 
POVCOd CUNPEING isiceis cae atest cra sayeth batnet a wleaieatiele Sa pecnias, ede tacoan at relate snimin atts —6.0 to 6.0mA °4 
Short-circuit duration (single output in HIGH state to QrOoUnd) ..........cccsesssseseeesseseseeseetssesstessesteseseeseeensssseeeateeaeeeeseees 1 Second 
Temperature 
OFo y= (e211) ager: m1 « Rare ee tear ee Bene ar eet enn TC er Cer mee Tern etter rarer noe anere er ene verre rere —60 to + 130°C 
| MUNN CELI ficient sce caslgaagupen SRbrahn Sag vee es ech c a ctnchsead sb wh concen See pects bc ape teas pe ea ode ao 175°C 
ead: Soldering 410 SOCOMGS) sicciszcticscasesensecteussacevatectenbacwichtvaaciats haute baccost stem taweiattuel oo saatighdavcenudlpteioesecadeettathausee alam Ave: 300°C 
SGI: sei 5a eccaasitscde chs ezecccta scssrta shale esa oven su donb vanes savings ects aot aku ad nevea eae een sie iasaietenets —65 to 150°C 
Notes: - 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 
2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


Temperature Range 


| Min 
ee 
ia 


Parameter 


rage 
~~ 
on 


Vpp Supply Voltage 


p80 ps0 [88 
CLK Only eee eee MPR Hal ee ae a 
loy Output Current, Logic HIGH ie re —2.0 i are —2.0 mA 
tcy Cycle Time | 
TMC2250 33 33 ns 
TMC2250-1 ET ee G27 DO 
tpyy_ Clock Pulse Width, LOW 
TMC2250 15 ns 
Two Te || fa |_|] +s 
TMC2250-2 ee ee ee ee ee ee 
ts Input Setup Time 
TMC2250 ns 
TMC2250-1 ee ae es a ee ees ee 
T™wic7250-2 Pee ee 
ty Input Hold Time ; ae 
TMC2250 3 3 ns 
TMiC7250-1 SO 
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IAA | | 
Electrical characteristics within specified operating conditions’ 
Temperature Range 
Standard Extended 
Parameter Test Conditions | Min | Max | Min | Max | Units 
Ippq Supply Current, Quiescent Vpp= Max, Vin =0V Pf a ff mA 
lnpy Supply Current, Unloaded Vpp = Max, f=20MHz ar ae 160 mA 
WL Input Current, Logic LOW 2 Vpp = Max, Vin = OV ae Se eee ee pA 
ln4y Input Current, Logic HIGH2 [Vpn =Max, Vin =Vop 10 pA 
Io. Input Current, Logic LOW 3 Vpp=Max, Vin =0V Ff 40 40 A 
loiy «Input Current, Logic HIGH 3 Vpp=Max, Vin=Vpp a es ae ee uA 
VoL Output Voltage, Logic LOW | Vpp=Min, Ig, =4mA a ee ee 
Voy Output Voltage, Logic HIGH =| Vpp=Min, Ip4=—2mA | 24] fat 
los Short-Circuit Output Current Vpp = Max, Output HIGH, one pin to —20 —20 mA 
to ground, one second duration max. 
C Input Capacitance Ta = 25°C, f=1MHz ie i re ae pF 
Co Output Capacitance Ty =25°C, f= 1MHz a ee pF 
Notes: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 
2. Except pins XC44-9, YC1 1-8. 
3. Pins XC11-9, YC14-g only. 
Switching characteristics within specified operating conditions 
Temperature Range 
Standard Extended 
Parameter Test Conditions | Min | Max | Min | Max | Units 
tp Output Delay Vop=Min, C) gap=25pF 
TMC2250 20 ns 
TMC2250- pS Me ee 
7 a A  ( 
tuo Output Hold Time Vpop = Max, C) gap =25pF 
TMC2250 ns 
TMC2250- ee ee ee ee i 
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Applications Discussion 


Converting Video Data from RGB to YIO or YUV 


The TMC2250 simplifies the task of converting encoded 
color video data between the RGB (color component} 
format and the YIQ (quadrature encoded chrominance)} or 
YUV (color difference) format. Beginning with RGB 
component data, the standard relationships, with 8-bit 
quantization, are: 


Y=(77R +1506 + 29B)/256 and Y=(77R +1506 +.29B)/256 
|=(153R -71G—-828)/256 +128 | U=(131R—110G—21B)/256 +128 
0 =(54R - 134G + 80B)/256 +128 V=(—44R - 87G +131B}/256-+ 128 


In digital systems, | and Q or U and V are sometimes 
renormalized to: 


|=(128R —59G — 69B)/256 
Q=(52R — 1286 + 76B)/256 
U=(128R—107G — 21B}/256 
V=(—43R—85G + 128B)/256 


With each coefficient expressed as a fraction of 256, 
these numbers are easily converted to binary for loading 
into the coefficient storage of the TMC2250. The half- 
scale (80he,) offsets included in the chrominance and 
color-difference terms can easily be added to the 
appropriate sums after the matrix multiplication, if 
desired. Table 6 contains the 10-bit two's complement 
coefficients to be loaded into the TMC2250 to perform 
the desired conversion from RGB format. Once these 
factors are in place the user can continuously convert 
encoded data at real-time video rates, with three new 
encoded outputs available on every clock cycle. 


Table 6. Colorspace Conversion Coefficients |: 2 


Conversion KA1 KA2 KA3 KB1 KB2 KB3 KC1 KC2 KC3 
RGB to YIO 04D 099 036 096 3B9 37A 01D SAE 050 
RGB to Yas 04D 080 034 096 3C5 380 01D 3BB 04C 
RGB to YUV 04D 083 3D4 096 392 3A9 01D 3EB 083 
RGB to YUVS 04D 080 3D5 096 395 3AB 01D 3EB 080 
Notes: 1. All entries are given in 10-bit two's complement hexadecimal, such that all entries beginning in ‘2’ or ‘3’’ are negative. 


2. This table assumes the following bus assignments: 


3. Second and fourth entries are renormalized such that largest coefficient=.5 (080,,,). 
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Converting Video Data from YIQ or YUV to RGB 


With a different set of coefficients, the TMC2250 can 
perform the inverse conversions, whose governing 
equations are: 


R= (256Y+ 2431+ 1590)/256 and R= (256Y+ OU + 292V)/256 
G=(256Y—721-1640)/256 G=(256Y—101U — 149V)/256 
B= (256Y— 2841+ 443Q)/256 B= (256Y+520U + OV)/256 


The values corresponding to digital normalization (see 
Converting Video Data from RGB to YIQ or YUV) 


are: 
R= 256Y+ 2921+ 1670)/256 and R=(256Y+0U + 359V)/256 
G=(256Y—86I—1720)/256 G=(256Y—88U — 183V}/256 
B=(2561— 3411+ 4560)/256 B= (256Y+ 453U + 0V)/256 


Since the first YUV to RGB equation set includes the 
coefficient “520/’ which won't fit into a 10-bit two's 
complement integer format, we must either divide all 
coefficients by 2, degrading precision by one bit, or by 
520/511. In Table 7, the 520/511 correction factor was 
selected. 


Table 7. Colorspace Conversion Coefficients |. 2 


Conversion KA1 KA2 KA3 KB1 KB2 KB3 KC1 KC2 KC3 
Y!IQ to RGB 100 100 100 OF3 3B8 3E4 O9F 35C 1BB 
YIQ to RGB? 100 100 100 124 3AA 2AB 0A7 354 101 

YUV to RGB OFC OFC OFC 000 39D 1FF 11F 36E 000 
YUV to RGB? 100 100 100 000 3A8 125 167 349 000 
Notes: 1. All entries are given in 10-bit two’s complement hexadecimal, such that all entries beginning in “2” or “3” are negative. 


2. This table assumes the following bus assignments: 
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3. Second and fourth entries are renormalized such that largest coefficient=.5 (080;,,.). 
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Performing Large-Kernel Pixel Interpolation 


The Cascade Input and Output Ports of the TMC2250 
allow the user to stack multiple devices to perform larger 
interpolation kernels with no decrease in pixel through- 
put. Figure 12 illustrates a basic application utilizing 
Mode 11 to realize a 4 x 4-pixel kernel, also called Cubic 
Convolution. This example utilizes the TMC2011 Vartable- 
Length Shift Register to compensate for the internal 
latency of each TMC2250. Alternatively, some appli- 
cations may utilize RAM, FIFOs, or other methods to 
store multiple-line pixel data. In these cases the user 
may compensate for latency by simply offsetting the 
access sequencing of the storage devices. 


Figure 12. Performing Cubic Convolution with Two 
~TMC2250s 
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Ordering Information 


Product Speed Temperature Range Package Package 
Number (MHz) Marking 


TMC2250H5C 
TMC2250H5C-1 
TMC2250H5C-2 


TMC225061V 
TMC2250G61V1 


2250H5C 
2250H5C-1 
2250H5C-2 


2250G1V 
2250G1V1 


STD—T,a=0°C to 70°C Commercial 121 Pin Plastic Pin Grid Array 
STD—T,y=0°C to 70°C Commercial 121 Pin Plastic Pin Grid Array 
STD—T,=0°C to 70°C Commercial 121 Pin Plastic Pin Grid Array 


MIL-STD-883 
MIL-STD-883 


MIL—Tp= —55°C to 125°C 
MIL —To = —5K°C to 125°C 


121 Pin Ceramic Pin Grid Array 
121 Pin Ceramic Pin Grid Array 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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CMOS 3x3, 5x5 Image Convolver 
8 x 8 Bits, 12MHz Data Rate 


Like the faster TMC2250, the low cost TMC2255 can 
perform a trinle 3x1 matrix-vector multinlication or a 3x3 
convolution. It can also perform a 5x5 convolution with 
bidimensionally symmetrical coefficients. The on-chip 
coefficient memory stores four sets of nine 8-bit two's 
complement coefficients. Two of the TMC2255’s five 8-bit 
data input ports are also used to load instructions and 
coefficients, which can be updated during operation. The 
device accepts the unsigned and/or two's complement 
data at 1/3 of the applied clock rate. 


The 3(3x1) matrix multiply mode supports various 3-space 
numerical operations, such as video standards conversion 
(e.g. YIO to RGB) or three-dimensional perspective 
transformation. Three input ports accept the 8-bit two's 
complement and/or unsigned magnitude data. The two 
remaining input ports can be loaded with coefficients and/ 
or device control parameters “on-the-fly.” In this mode, an 
Output Is generated on every clock cycle. 


The 3x3 and 5x5 pixel image convolver modes support 
numerous functions, including static filtering and edge 


Logic Symbol 


INPUTS) 7-0 DN 
D7.9 > 
E70 x 
IN PUTS CLE 


TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 


TMC2255 


Phone: (619) 457-1000 
FAX: (619) 455-6314 


detection. On every third clock cycle, the TMC2255 
accepts three (3x3 mode) or five (5x5 mode) data inputs. 
In the 5x5 mode, the coefficient kernel must be symmetric 
both horizontally and vertically. Outputs from the device 
are generated on every third clock cycle, matching the 
input pixel data rate, and can be limited (“clipped”) to 8, 9 
or 12 bits. 


Fabricated in TRW's OMICRON-C™ one-micron CMOS 
process, the [MC2255 will operate at clock rates of 0 to 
30MHz over the full commercial temperature (0°C to 70°C ) 
and supply voltage ranges. 


Features 


e 8-Bit Data And Coefficient Input Precision 

e Triple 3x1 Matrix-Vector Multiplication Mode 

e 3x3 And 5x5 Two Dimensional Convolution Modes 

e TTL-Compatible 1/0 With Three-State Output Bus 

e Offered In 68-Contact Plastic Chip Carrier (PLCC) 

e Built-In 8-, 9-, Or 12-Bit Arithmetic Limiter 

e Two's Complement, Unsigned, Or Mixed Data Formats 


DATA 
OUTPUTS 
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Applications 


RGB To/From YUV/YIO Color Space Conversion 
3x3 Or 5x5 Two Dimensional FIR Filtering 

Edge Enhancement And General Image Processing 
Robotics And Image Recognition 

Electronic Darkroom 

Desktop Publishing 


Associated Products 


¢ TMC2011 Variable Length Shift Register 
e TMC2302 Image Manipulation Sequencer 


Functional Description 


The TMC2255 contains an array of multipliers and adders, 


four 9x8-bit coefficient “pages” and a global control block, 
all of which can be initialized or reconfigured through ports 
D and E when CLE is LOW. Device parameters include 
matrix coefficients, internal device configuration (mode), 
rounding precision, and input/output data formats (two's 
complement, unsigned, or mixed). After the control 
parameters have been loaded, device operation 
commences with the next clock rising edge on which CLE 
returns HIGH. Depending on the mode selected, three or 


five data are input in parallel and proceed through a 
sequence of operations: Input, Preaddition, Multiply- 
Accumulation, Rounding, Limiting and Output (Figures 1-4). 


Input Stage 


Inputs are supplied to ports A through C in all operating 
modes on every third clock cycle, beginning with the clock 
rising edge that contains the most recent CLE LOW to HIGH 
transition. Control and/or coefficient parameters can be 
input through ports D and E during any of the three master 
clock cycles that make up each data cycle. In the 5x5 
convolution mode data enter the device through ports A-E. 
Control and/or coefficients may be updated through ports D 
and E on the remaining two cycles of each clock triplet. 


Input data formats may be unsigned and/or two's 
complement, as identified in the mode select field of 
port E. 


Preaddition | 


In and only in 5x5 convolution, the horizontal and vertical 
symmetry of the coefficients permits nine multipliers to do 
the work of 25. To facilitate this, the data input to ports A 
and E are pre-added before multiplication, as are the B and 
D inputs (Figure 4, the 5x5 Block Diagram). 


Figure 1. Structural Block Diagram 
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Coefficient Memory 


The TMC2255 contains enough memory to store four 
“pages” of nine 8-bit two's complement coefficients each. 
When CLE is LOW, a new coefficient is written through 
port E to the page and location address identified on port 
D. On every third clock cycle, the coefficient page to be 
read and used in the immediate 3-cycle computation set Is 
selected by CRAg and CRA}. Of the nine coefficients per 
page, K1, ! (i=1 te 3) process the port A (and £} data; K2, i, 
the port B (and D) data; and K3, |, the port C data. 


Multiplication and Accumulation 


The device computes nine products during every three 


clock cycles, accumulating them internally to full precision. 


Rounding 


Accumulated sums of products are rounded before the last 
5 or 6 bits are truncated. Rounding is performed by adding 
“010000” or "100000" to the emerging data stream, 
according to the desired precision of the output results. 
When CLE=0 and D=0XXX1111, pin Eg sets the chip's 
rounding position, viz: Eg=0: add .010000 and use Zp as 
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least significant bit; Eg=1: add .100000 and use 21 as least 
significant bit, ignoring Zg. 


Output Limiting 


The device provides programmable output limiting in 
unsigned (UN) and/or two's complement (TC) format and 
for 8, 9, or 12 bits of output precision (including Zp). In 
3(3x1) mode, for an RGB to YIQ transformation, the device 
can limit Z7 (Y} ta 9 bits Unsigned while limiting Z3 (i) and 
Z3 (Q) to 9 bits two’s complement. 


Outputs 


Output is through the 12-bit Z port, which provides 1/2 or 1 
LSB precision, relative to the input format. In the 3(3x1) 
mode three outputs will appear consecutively at the Z port 
during each triple clock cycle; for data input on clock rising 
edge 0, these results will emerge tpg after clock rising 
edges 7,8, and 9. In both convolution modes the results 
are output at 1/3 the device master clock rate, with the 
first point of the impulse response emerging after clock 
rising edge 9. To facilitate connection to a bus, the output 
buffers are enabled and disabled (placed in high- 
impedance state) by asynchronous control OE. 
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Figure 2. Functional Block Diagram, 3(3x1) Mode | 
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Figure 3. Functional Block Diagram, 3x3 Mode 
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Figure 4. Functional Block Diagram, 5x5 Mode 
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Signal Definitions 


Inputs 


CLK Master chip clock, 0 to 30MEHz. All 
operations are referenced to the rising 


edges of CLK. 


DATAINPUTS — Of the device's five 8-bit data input ports, 
A,B, and C are used exclusively as data 
inputs, whereas D and E are also used to 
program the device (see description of 
CLE pin). For 5x5 convolution, all five 
ports accept incoming data. In the other 
modes, only Ports A-C accept incoming 
data, leaving D and E dedicated to 
control and coefficient values, which may 
be updated at any time. In all modes, 
data are loaded on every third rising 
edge of CLOCK, beginning on a clock 
rising edge for which CLE makes a 0-to-1 
transition. Bits A7, B7, ... are the two's 
complement sign bits or most significant 
unsigned bits; bits Ag, Bp, ... are the 
least significant bits (LSBs). 


CLE Active-LOW coefficient and contro! load 
enable. When CLE is LOW, E becomes 
the input port for the coefficients, and D 
becomes the coefficient write address 
and control port. When CLE is HIGH, all 
coefficients are held unchanged. A LOW 
to HIGH transition at CLE also 
synchronizes the TMC2255, ushering ina 
new data input. 


Coefficient read address. The chip can 
hold four “pages” of nine coefficients 
each. These two pins determine which of 
the four coefficient sets is to be used 
with the data entering during that cycle. 


CRAg, CRAY 


The timing of coefficient selection by 
CRA is mode dependent. In the 3(3x1} 
mode, CRA influences all coefficients 
simultaneously. In the 3x3 and 5x5 
convolution modes, however, CRA 
selects the coefficients for each 
multiplier column individually, i.e., three 
per clock cycle from left to right (Block 
Diagram - 3x3 Mode). CRA should be 
changed only on “data input” clock 
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cycles to avoid corrupting 3x3 or 3x(3x1) 
work in progress. CRA should not be 
updated during a 5x5 operation whose 
result is needed. 


When updating coefficients on-the-fly 
the user should not set CRA1-9 and D5:4 
to the same page, but should read from 
one page while writing to another. 


OE Asynchronous, active-LOW output 
enable. When OE is LOW, the output 
drivers are enabled. When OE is HIGH, 
they are disabled (high-impedance). 


Outputs 


DATA OUTPUTS Outputs available on the Z Port are 

: enabled by OE. 271 Is the unsigned 
MSB or two's complement MSB/sign 
bit; Z1 is the integer LSB (“ones’ digit’). 
Zg is the 1/2 (fractional) digit. In the 
3(3x1) mode (E=XXXXXOXX), a new valid 
result will emerge tpg after every rising 
edge of CLOCK. In the other modes 
(E=XXXXX1XX), a result emerges after 
every third rising edge of CLOCK. When 
9-bit limiting is used, bits Z11 through 2g 
will be identical. 


Operation and Timing 


Before operation, the TMC2255 must be initialized, i.e. 
loaded with coefficients and set to the desired operating 
mode, data format, and rounding precision. The chip is 
programmed via ports D and E, which double as data input 
ports in 5X5 mode. 


Initialization 


Chip Select 


This control is accessed through bit 7 of port D. When CLE 
is LOW, D7 must be LOW to allow the coefficient/control 
information to be updated. If D7 is HIGH when CLE is 
forced LOW, the device will not allow the coefficient or 
control information to be updated, and device execution 
will begin or continue_as commanded on the previous LOW 
to HIGH transition of CLE. Holding D7 HIGH (at least when 
CLE is LOW) permits the system to resynchronize the chip 
without changing any coefficients or configuration 
parameters. 


95 


TMCG2255 ort 


Coefficient Loading Mode Selection 


When CLE and D7 are LOW, the coefficient values When CLE=0 and D=0XXX1111, pins E7.¢ select the chip’s 
presented to port 6 are loaded into the coefficient position operating MODE and input data formats, viz: 


and page registers selected by port D, as shown below. 


When Data Formats= 
Update From E7.9: E7-0= Mode = ABC 

Coef OXXXX000 3(3x1)mat mpy TCTCTC 
OXYY0000. 110: OXXXX001 3(3x1)mat mpy UN TC TC 
OXYY0001 1,2 YY OXXXX010 <Reserved — DO NOT USE> 
OXYY0010 1,3 YY OXXXX011 3(3x1)mat mpy UN UN UN 
aan’ a mY Z1 = A*K1,1 + B*K2,1 + C*K3,1 first of 3 results 
iste - ud 22 = A*K1,2 + B*K2,2 + C*K3,2 
seine ee i 23 = A*K1,3 + B*K2,3 + C*K3,3 last of 3 results 
OXYY1000 3,1 YY 
OXYY1001 3,2 VY OXXXX100 3x3 convolution TC TC TC 
OXYY1010 35 vY OXXXX101 3x3 convolution UN UN UN 
OXXX0X11 Hold all Coefficients Z = A1*K1,1 + B1*K2,1 + C1*K3,1 
OXXXX011 Hold all Coefficients + A2*K1,2 + B2*K2,2 + C2*K3,2 
OXXX110X Hold all Coefficients + A3*K1,3 + B3*K2,3 + C3*K3,3 
OXXX11X0 Hold all Coefficients 
OXXX1111 Gaanal lneeascen OXXXX110 - 5x5 ecueuuan TC TC TC 
IXXXXXX Hold all Coefficients OXXXX111 5x5 convolution UN UN UN 


Z=A1*K1,3 + B1*K2,3 + C1*K3,3 + D1*K2,3 + E1*K1,3 
+ A2*K1,2 + B2*K2,2 + C2*K3,2 + D2*K2,2 + E2*K1,2 
+ A3*K1,1 + B3*K2,1 + C3*K3,1 + D3*K2,1 + E3*K1,1 
+ A4*K1,2 + B4*K2,2 + C4*K3,2 + D4*K2,2 + E4*K1,2 
+ A5*K1,3 + B5*K2,3 + C5*K3,3 + D5*K2,3 + E5*K1,3 


X = Don't Care 


Each of the four “pages” YY comprises a full set of nine 
coefficients (one per filter tap). 


1XXXXXXX [Unchanged from previous setting] 
[Coefficients are always 8-bit two’s complement.] 


96 : --TRWLSI Products Inc. 


TMG2255 


7 AIX 


Rounding 


All computuations are rounded internally following the 
final accumulation of products. Rounding position depends 
on the output format. If the user desires outputs with 

1/2 LSB precision (relative to the inputs) then rounding Is 
performed into Z_1, just to the right of the LSB of the 
output port, Z9. For 1 LSB precision, rounding is into Zo, 
and the output is on pins 27 4~1 only. 


WhenE7-9= Outputs are, Rounded at: 
OOXXXXXX 211-Zg (12 bits) Z-} 
01XXXXXX 211-2 (11 bits) ZO 
IXXXXXXX Unchanged from previous setting 

Output Limiting 


When CLE=0 and D=0XXX1111, pins E5-3 tell the chip to 
which numerical format(s) to limit the emerging results. 
Unsigned (UN), two's complement (TC), and mixed data 
formats of 8, 9, or 12 bits (including 29) are supported, as 
follows. Limit “Z” applies to 3x3 and 5x5 convolutional 
modes; limits 21, 22, Z3 apply to 3(3x1) mode. 


E7-9= LimitZ1orZ  LimitZ2 LimitZ3 Range 
(RND=0) 

-OX000XXX = <Limiter Disabled> 

OX001XXX UNI UNS UNS 0,255.5 

OX010XXX TC12 TC12 TC12 —1024,1023.5 

OX011XXX  UN12 UN12 UN12 0,2047.5 

OX100XXX TCI TC9 TC9 —128,127.5 

OX101XXX UN9 TC9 TC9 (mixed) 

OX110XXX  <Reserved; Do Not Use> 

OX111XXX UN8 UN8 UN8 0,127.5 

1XXXXXX Unchanged from previous setting 


Prior to output, the limiter (if enabled) tests the leading bits 


of the emerging result. In the unsigned limit modes, If the 
MSB=1, denoting a negative value, the output is forced to 
0; if the MSB=0 but any other bit above the 8, 9 or 12 bit 
output field = 1, the output is forced to 11111111111.1 In 
the TC9 limit mode, values above 127.5 (00001111111.1) 
are forced to 00001111111.1 and values below —128 
become 11110000000.0. In the TC12 limit mode, 

values above 1023.5 (01111111111.1) are forced to 
01111111111.1, and values below —1024 become 
10000000000.0. If full LSB rounding (Eg=1) is used, output 
bit Zg is ignored, each data format is correspondingly 1 bit 
narrower than shown in the table, and the .5 fractions 
disappear from the range limits. 
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Timing 
Result Latency 


Device operating mode affects when valid results will be 
available at the output port 211-9. The three results of a 
3x1 triple dot product whose inputs enter on clock rising 
edge 0 will be available tpg after clock rising edges 

7,8, and 9. Ina3x3 and 5 x 5 convolution, the first 

three impulse response points will emerge after clock 
rising edges 9, 12, and 15. The last two points of a 
5-point response (5x5 mode) will follow after rising edges 
18 and 21. 


Instructions, Inputs, and Synchronization 


Each rising edge of CLK which bears a CLE LOW to HIGH 
transistion resynchronizes the device. If CLE goes from 
LOW to HIGH on clock rising edge N, then the chip will 
resynchronize, starting a new 3-cycle sequence on that 
edge. It will look for incoming data at clock rising edges 
N+31, where i= 1, 2, ... (Timing Diagrams, Figures 5 
through 77). If CLE is brought LOW while an operation is 
already in progress (e.g., to update coefficients}, it should 
be brought HIGH only on a regular data input clock cycle 
(N+3i), to avoid corrupting pending results. 


If CLE is LOW, control and/or coefficient information 
entering on a rising edge of CLK will affect all subsequent 
data inputs until the control parameters are again updated. 
Internal pipelining of the controls ensures that “in 
progress” operations on data previously input to the device 
will continue unaffected, as long as CLE is brought HIGH 
only on data input clock edges. 


System Timing 


Because the TMC2255's data throughput rate is 1/3 of its 
incoming clock rate, the user must synchronize the data 
inputs with the chip's control inputs and internal operation. 
Figures 5 through 8 illustrate four ways to use rising 
edges of CLE to align data inputs in the 3(3x1) and 3x3 
modes, whereas Figures 9 through 77 show how to use 
CLE in the 5x5 mode. 
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In Figure 5, the CLE 0 to 1 transition on CLK risingedge = t=6 inputs (which is the first result using t = 9 inputs) 

3("“t = 3") initializes the chip. The final configuration and emerges. After t = 18, the convolution of the t = 6, t = 9, 
coefficient values are loaded through ports D andEatt=2 andt= 12 inputs, the last output involving the t = 6 input, 
and the first incoming data enter ports A, B, and C on rising appears. The part operates continuousy, with inputs read 
edge 6. In 3(3x1) mode, the three results from the t = 6 on every third rising clock edge and a new output available 
input data emerge after t = 13, 14, and 15. In 3x3 mode, the tpg after each rising clock edge (3(3x1) mode) or every 
first result from the edge 6 input data appears after edge third fising edge (3x3 mode). 

15 and remains until t = 18, when the second result using 


Figure 5. 3(3x1), 3x3 Timing Diagram, Single CLE Rising Edge 
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In Figure 6, CLK rising edges at t= 3, 6, 9, ... resynchronize t=2,5, 8, .... Data input/output timing is unchanged from 
the chip, with configuration or coefficient updates at Figure 4. 


Figure 6. 3xX Modes, Periodic Long CLE Pulses 
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In Figure 7, CLK rising edges at t = 3, 6, 9, ... again may be changed twice as often, att= 1, 2, 4,5, 7,8, .... 
resynchronize the chip, but configuration and coefficients . 


Figure 7. 3xX Modes, Periodic Short CLE Pulses 
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In Figure 8, data timing is the same as that of Figure 5. Instructions entering between data values, e.g. at t= 4 or 
However, since CLE is left LOW after the one-cycle t= 5, affect the next data value (i.e., that entering at t = 6). 
initialization pulse, instructions and coefficients may be Instructions entering with a given data value (e.g., t = 6) 


updated on every clock cycle, or three times per data input. affect the next data input (i.e., at t = 9). 


Figure 8. 3xX Modes, Single CLE Rising Edge 
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In Figure 9, the CLK rising edge at t=3 synchronizes the ——suntil t= 18. The last result using the t = 6 input emerges © 


operation. The final'configuration and coefficient values after t= 27 and remains until t = 30. The part operates 
are loaded through ports D-and E at t = 2 and the first continuously, with data inputs read on every third rising 
incoming data enter ports A through E at t = 6. The first edge of CLK and a new output available tpg after every — 


result using the t = 6 input appears after t= 15 and remains _ third rising edge of CLK. 


Figure 9. 5x5 Convolution, Single CLE Rising Edge 
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In Figure 10, one new coefficient or configuration value 
can be input for every data input, at t=5, 8, 11,.... 


Figure 10. 5x5 Convolution, Periodic Long CLE Pulse 
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In Figure 11, two new coefficients or configuration values 
can be loaded for every incoming data point, at t = 4, 5, 7, 
8, AO seed 


Figure 11. 5x5 Convolution, Periodic Short CLE Pulse 
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In 5x5 mode, CLE should not be left LOW continuously, 
since ports D and E must serve as data inputs on every 
third clock cycle. If CLE is LOW on a data input cycle, the 
chip will interpret the current D and E inputs as both data 
and instructrions/coefficients. 


Figure 12. 1/0 Timing Diagram 
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Power-Up Sequence 


To ensure proper operation, the TMC2255 should receive at 
least two clock rising edges soon after power-up, with CLE 
making a 0-to-1 transition on edge 4, 5, or 6. Otherwise, | 
some of the internal multiplexers will power up in 


_ disallowed states and draw excessive power. 


Data Formats 


_ Figure 13 summarizes the TMC2255's data and coefficient 


formats for all operating modes. Although integer 


weighting of input data is shown, the binary point may be 


moved anywhere to the left, as long as the binary point of 
the output is moved the same distance. Likewise, the 
coefficient binary point can be moved, as long as the 
output binary point is moved equally or the data input 
binary point is moved in the opposite direction. In all 
coefficients and in all two's complement data, the most 
significant bit carries a negative weighting. 


Data at Input Ports: 

Coefficients: 

Internally Accumulated sadaes 
Data at Output Port (Round = 0): 


Data at Output Port (Round = 1): 
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Absolute maximum ratings (beyond which the device may be damaged)! 


SOUP: VUE Ig 2a sae chee aaecc Deedee tah cca cag ated sees docs wadeccrmd cba eho esata ao ane -0.5 to +7.0V 
DOU BOUEE VCO casa oc oes arta cscs ceased scat icyou cede ce nesses tp cede casn cable Mae teens a —0.5 to (Vpp + 0.5)V 
Output 
/oM7oN0) (C16 B[6) Lk 8 (- seam errr teen eu TD aR CR PRS EI Co OT —0.5 to (Vpp + 0.5)V2 
FOV CGC: CMO ssc ciate cera etal ate ea ee ted hl Daca Ete ect td Londen Dalat Ronee —6.0 to 6.0mA3,4 
Short-circuit duration 
(single output in HIGH state to Ground) ..........cescscsscscscscsssscssssscsosssssscsssesesssssscceserscosessusessssosssessssesesssesssssuessucsuevevecesessesessesess 1 sec 
Temperature , 
DENALI GC ASE seask. scsi aces teas desie saath tes vos acters casans art avaatoumneetiee epee aa cdatdana tale lancasandeand a eiuardaimmseantleaacind —60 to +130°C 
PREYS CED IN sees ences Sces eas capacececzee sp tvau ec cped veacecntid eave cao guced acon seat vas tee ts oaks aust antaauses ia ciieacasuuns ad andes extend eoave tua ad date Bsa 175°C 
OGG, SOILS TIE (OSC OMG S ) cg icy chile wc essai dea ye a ott ches cteca guts cones cadec oucct vader loth bond uansnaasoncuaduevanes Sasisea ssa. siotuatulaciaton 300°C 
Shh Osea ctes ts cat catc tn adcas testat cease lec at saataaaan daca Seca aca psc ae nap sa naevel coms bu cea tas caeeauad aOU ace pate ac eer dematntzas —65 to 150°C 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating 


conditions. Functional operation under any of these conditions is NOT implied. 
2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


Temperature Range 
| 
Parameter | | | Min | 


Vpp _ Supply Voltage | 4.75 P50 | 
ViL_—InputVotiage LOW ie a 
lo. Output Current LOW | a i mA 
IOH Output Current HIGH es, —2.0 mA 


tcy Cycle Time 

TMC2255 33 ns 

TMC2255-1 27 | ns 
tPWL Clock Pulse Width LOW 

TMC2255 ns 

TMC2255-1 ns 
tPWH Clock Pulse With HIGH 

TMC2255 13 ns 

TMC2255-1 10 ns 
ts Input Setup Time 

TMC2255 ns 

TMC2255-1 ns 
tH Input Hold Time ns 
tA Ambient Temperature PS hae te | °C 
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Electrical characteristics within specified operating conditions 


Temperature Range 
Standard 


Parameter Test Conditions | | Min | Max | Units 
Ippa Supply Current, Quiesc mA 
| Vpp=Max, Vin=0 
IDDU Supply Current, No Load mA 
Vpp=Max, tcy=50ns 
Ik___Input Current, LOW ee ee 
VoL___Output Voltage, LOW pt 
Cl___Input Capacitance ee 
Co Output Capacitance Pe ener IO I AD 
Note: Actual test conditions may vary from those shown, but guarantee operation as specified. 
Switching characteristics within specified operating conditions 
Temperature Range 
_ . Standard 
Parameter “ek Test Conditions | Min | Max | Units 
tp: Output Delay Vpp=Min, CL =25pF-. a 
, TMC2255 22 ns 
= — TMC2255-1 | 19 ns 
tHO Output Hold Vpp=Max, C_=25pF aa Ss ae ns 


tENA Output Enable Vpp=Min, CL =25pF 

= rae 
TMC2255-1 ns 
tDIs Output Disable | Vpp=min, Cy. =25pF | 

TMC2255-1 3 20 ns 
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Figure 14. Equivalent Input Circuit Figure 15. Equivalent Output Circuit 
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Figure 16. Transition Levels for Three-State Measurements 
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Package Interconnections 


Signal Signal 

Type Name R1 Package 

Power Vpp Supply Voltage (+5) ae 2,10,17,53 

GND 19818 25,355 

Clock CLK System Clock 8 

Control CLE Coefficient Load Enable 6 
OE Output Enable 7 
CRA1-0 Coefficient Read Address 62,63 

Inputs A7-0 Data Input Port A 64,65,66,67,68,3,4, 5 
B7.0 54,55,56,57,58,59,60,61 
C7-0 44,45,46,47,48,49,50,51 
D7-0 Control/Data D 36,37,38,39,40,41,42,43 
E7-0 Coefficient/Data E 27,28,29,30,31,32,33,34 

Outputs 711-0 11,12,14,15,16,19,20,21,22,23,24,25 
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Pin Assignments — 68-Lead Plastic Chip Carrier — R1 Package 


oOo on OD HO SP &| HY — 


> 
oS 
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Ordering Information 


Product | 
Number 


Data Temperature Range - 
Rate MHz | 
TMC2255R1C 10 STD-Ta =0°C to 70°C Commercial 68 PinPLCC 
TMC2255R1C1 12.5 STD-Ta = 0°C to 70°C Commercial 68 Pin PLCC 


All parameters in this specification are guaranteed by design, characterization, sample testing ot 100% testing, as appropriate. 
TRW reserves the right to change products and specifications without notice. This information does not convey any license under patent rights of TRW 
Inc. or others. . 


Package 
- Marking 


2255R1C 
2255R1C1 


Package : 


Life Support Policy 


TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can 
reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such 
use and indemnifies TRW LSI Products Inc. and TRW Inc. against all damages. 
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Fixed-Point Arithmetic 7rtw 


Since the first monolithic multiplier was introduced by TRW in 1976, and multiplication was changed 
from something difficult to something easy, this building block has become ubiquitous in the world of 
signal processing. TRW continues to provide the broadest line of fixed-point multipliers, with word 
sizes from 8 to 16 bits, with and without embedded accumulators. 


Bringing the same ease-of-application to another difficult arithmetic problem in signal processing, the 


TMC3211 Integer Divider produces a 32-bit quotient at 20 million operations/second. Now it is no 
longer necessary to avoid division in image and signal processing algorithms. 


TRW LSI Products Inc. 1 


Fixed-Point Arithmetic — RR 


. Clock 
bog 2 ; - Rate! = Power | =“ or : ak a 
Product Description ‘Size (MHz) (Watts) = —_— Package . Grades ” Notes Page 
TMC208K-1 | Multiplier 8x8 45 0.55 B5, N5 40-Pin DIP C - Two's Complement: .. = St 
50 0.55 Bd 40 Pin DIP ~  V, SMD Compatible with MPYO08H. 
- 65 0.55 B5, N5 40 Pin DIP C 
. 2 ‘3 70 055 BS ~~ 40 Pin DIP V, SMD . 
TMC28KU-1 = Multiplier ~. 8x8. 45 0.55 . B5, N5 -40.Pin-DIP C Unsigned Magnitude. 151 
50 0.55 B5 | 40 Pin DIP V, SMD Compatible with MPYO08H. 
- ~~ 65 0.55 B5, N5 40 Pin DIP C . . 
70 0.55 B5 40 Pin DIP V, SMD 
MPY012H Multiplier 12x12 115 3.7 J1 64 Pin DIP C 24-Bit Product. [3 
140 4) Jj 64 Pin DIP A 
MPY112K Multiplier 12x12 - 50 2.4 J4 48 Pin DIP C 16-Bit Product. 129 
55 3.0 J4 48 Pin DIP A 
TMC216H Multiplier 16x 16 145 0.37 J3 64 Pin DIP C 32-Bit Product. 161 
185 0.37 J3 64 Pin DIP A 
MPYO16K-1 = Multiplier 16 x 16 40 4.6 J1 64 Pin DIP C 32-Bit Product. 115 
45 4.6 Jl 64 Pin DIP A 
- Multiplier 16 x 16 45 4.6 J] 64 Pin DIP C 
50 4.6 Jl 64 Pin DIP A 
TMC2208 Multiplier-Accumulator 8x8 40 0.4 J4,N4 48 Pin DIP C Compatible with TDC1008. 175 
R1 68 Lead PLCC C 
50 0.4 J4 48 Pin DIP V 
TMC2009 Multiplier-Accumulator 12x 12 135 0.32 J3 64 Pin DIP C 139 
170 0.32 J3 64 Pin DIP V 
170 0.32 C1 64 Contact CC V 
TMC2210-1 = Multiplier-Accumulator 16x 16 65 0.33 NO 64 Pin DIP C Industry-Standard 16-Bit MAC. 185 
G8 69 Pin PGA C 
80 0.33 JO 64 Pin DIP V 
G8 69 Pin PGA V 
- 80 0.33 NO 64 Pin DIP C 
G8 69 Pin PGA C 
100 0.33 JO 64 Pin DIP V 
G8 69 Pin PGA V 
-2 100. 0.33 NO 64 Pin DIP C 
-3 160 0.33 NO 64 Pin DIP G 
TMC3211 Integer Divider 32-Bit 50 0.82 H5 121 Pin PPGA C 32-Bit Dividend, Quotient 195 


Notes: 1. Guaranteed. See product specifications for test conditions. 
2. A=High Reliability, Te =—55°C to 125°C. 
C=Commercial, Ty =0°C to 70°C. 
V=MIL-STD-883 Compliant, Te = —55°C to 125°C 
SMD = Available per Standardized Military Drawing, Te= —55°C to 125°C. 
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Multiplier 

12x12 Bit, 115ns 

The MPY012H is a high-speed 12 x 12 bit parallel e Three-State Outputs 

multiplier which operates at a 115ns cycle time (87MHz — e Fully TTL Compatible 

multiplication rate). The multiplicand and the muitipiier © Two's Complement, Unsigned Magnitude, And Mixed 


may be independently specified as two's complement or 
unsigned magnitude, yielding a full-precision 24-bit 
product. 


Mode Multiplication 

Proven High-Reliability Radiation Hard Bipolar Process 
e Single +5V Power Supply 

Available In A 64 Pin Ceramic DIP 


Individually clocked input and output registers are 

provided to maximize system throughput and simplify bus 
interfacing. These registers are positive-edge-triggered Applications 
D-type flip-flops. The MPY012H Is built with TRW’s 


2-micron bipolar process. e Array Processors 


e Video Processors 


Features e Radar Signal Processors 
e 115ns Multiply Time (Worst Case} e FFT Processors 
e 12x12 Bit Parallel Multiplication With 24-Bit Product © General Digital Signal Processors 
Output e Microcomputer/Minicomputer Accelerators 


Functional Block Diagram 
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3 
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P.O. Box 2472 FAX: (619) 455-6314 40601320 Rev. C—11/90 
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Functional Block Digram 


ea 3 CLK M TRIM | 
XIN | | 
Ta aaa 
(X44-9) 12 
on V 
CLK X P= MSPoyt 
aay (P 93-19) 
3S % (¢ , - 23-12 
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RND | of | 
12 «é = = LSPourt 
P / : 
CLK Y | a i” Pato 
V | | | NN 
YIN , 


> J» 
(Y44-9) (12) 


12 
ee a RS FT CLKL TRIL 
Pin Assignments 
he 
X7 15 1 64 Xp 
Xg 2! Lt 63 Xg 
Xp 3h 162 X49 
Xq 4f pt 61 X44 
X35! 160 CLK X 
Xo 6! [1 59 CLK Y 
X, 7! 58 RND 
Xp 8 57 TCX 
(LSB) Pp 9° 56 Yo 
P; 10 55 Y; 
Py 11 54 Y9 
Py 125 53 Y3 
Py 13 52 Yq 
Ps 14 51 Y5 
Pg 15 50 Vcc 
P> 16 49 Vec 
Pp 17 48 Vcc 
Pg 18 47 Y5 
Pig 19° 1 46 Y7 
Py, 20! 145 Ye 
TRIL 215 144 Yq 
TRIM 22! 143 Vag 
GND 23 a 42 Va4 
GND 24 41 TCY 
FT 25 40 P23 (MSB) 
RS 26 39 P29 
CLK L 27 & 38 Po 
CLK M 28 37 Pop 
Pi2 29 36 P49 
P13 30 35 Pig 
Piq 31 34 P47 
Pi5 32 33 P4g 


64-Lead DIP - J1 Package 
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Functional Description 


General Information | 


The MPY012H has three functional sections: input registers, an 
asynchronous multiplier array, and output registers. The input 
registers store the two 12-bit numbers which are to be 
multiplied and the instruction which controls the output 
rounding. This rounding control is used when a single-word 
Output is desired. Each input operand !s stored indenendently, 
simplifying multiplication by a constant. The asynchronous 
multiplier array is a network of AND gates and adders, 


designed to handle two's complement or unsigned magnitude 
numbers. The output registers hold the product as two 12-bit 
words, the Most Significant Product (MSP) and the Least 
Significant Product (LSP). Three-state output drivers allow the 
MPY012H to be used on a bus, or allow the least and most 
significant outouts ta be multinlexed over the same 1?—hit 


— output lines. 


Power 


The MPY012H operates from a single +5 Volt supply. All 
power and ground lines must be connected. 


Control 
The MPY012H has seven control lines: 


A control line which makes the output register 
transparent if it is HIGH. 


FT 


Three-state enable lines for the MSP and the 
LSP. The output driver is in the high-impedance 
State when TRIM or TRIL is HIGH, and enabled 
when the appropriate control is LOW. 


TRIM, TRIL 


RS RS is an output format control. A HIGH level on 
RS deletes the sign bit from the LSP and shifts 
the MSP down one bit. This is mandatory for 
unsigned magnitude, mixed mode, and two's 
complement integer operations. 

RND When RND ts HIGH, a one is added to the 
MSB of the LSP. Note that this bit depends on 
the state of the RS control. If RS is LOW when 
RND is HIGH, a one will be added to the 2-12 
bit (Pyg). If RS is HIGH when RND is HIGH, a 
one will be added to the 2-1! bit (P44). In 
either case, the LSP output will reflect this 
addition when RND is HIGH. Note also that 
rounding always occurs in the positive direction; 
in some systems this may introduce a 
systematic bias. 
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Positive Supply Voltage +5,0V 
Ground 0.0V 


J1 Package 


Pins 48, 49, 50 
Pins 23, 24 


TCX, TCY Control how the device interprets data on the X 
and Y inputs. A HIGH on TCX or ICY forces 
the MPY012H to consider the appropriate input 
as a two's complement number, while a LOW 
forces the MPY012H to consider the appropriate 


input as a magnitude only number. 


FT, RS, TRIM and TRIL are not registered. The TCX input ts 
registered, and clocked in at the rising edge of the X clock 
signal, CLK X. The TCY input is also registered, and clocked in 
at the rising edge of the Y clock signal, CLK Y. The RND input 
is registered, and clocked in at the rising edge of the logical 
OR of both CLK X and CLK Y. Special attention to the clock 
signals is required if normally HIGH clock signals are used. 
Problems with loading the RND control signal can be avoided 
by the use of normally LOW clocks. 


MPY012H Rr 


Control (Cont.) 


Name _. J1 Package 


RND Round Control Bit ee Se i Pin 58 
TCX _ X Input, Two's Complement TTL 7 Pin 57 
TCY a Y Input, Two's Complement : . TTL . Pin 41 
FT |  Qutput Register Feedthrough =» Tm = Pin 25 
RS Output Right Shift Sad - TTL Pin 26 
TRIM - MSP Three-State Control TIL Pin 22 
TRIL LSP Three-State Control | TTL Pin 21 


Data Inputs | 

The MPY012H has two 12-bit two's complement or unsigned the Least Significant Bits). The input and output formats for 
magnitude data inputs, labeled X and Y. The Most Significant fractional two's complement, fractional unsigned magnitude, 
Bits (MSBs), denoted X11 and Y71, carry the sign information fractional mixed mode, integer two's complement, integer 
for the two's complement notation. The remaining bits are — unsigned magnitude, and integer mixed mode notation are 


denoted Xg through X79 and Yq through Y7g (with Xg and Yg — shown in Figures 1 through 6. 


Name | Function | ave J1 Package 


Xa X Data MSB Pin 61 
X19 Pin 62 
Xg Pin 63 
Xg Pin 64 
X7 Pin 1 
Xp Pin 2 
Xp Pin 3 
Xq Pin 4 
X3 Pin 5 
X9 Pin 6 
Xy . ; 3 Pin 7 
Xq ; ; X Data LSB Pin 8 
YW  Y Data MSB | . Pin 42 
Y40 . Pin 43 
Yg Pin 44 
Yg Pin 45 
Yy Pin 46 
Ye Pin 47 
Y5 Pin 51 
Y4 Pin 52 
Y3 Pin 53 
Yo Pin 54 
Yy Pin 55 
Yq Y Data LSB = | Pin 56 
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Data Outputs 


The MPY012H has a 24-bit two’s complement or unsigned magnitude, fractional mixed mode, integer two's complement, 
magnitude output which is the product of the two input data integer unsigned magnitude, and integer mixed mode notation 
values. This output is divided into two 12-bit output words, are shown in Figures 1 through 6. For the MSP and LSP to be 
the Most Significant Product (MSP) and Least Significant read, the respective TRIM and TRIL controls must be LOW. RS 
Product (LSP). The Most Significant Bit (MSB) of both the MSP — is an output format control. A logical “1” on RS deletes the 
and the LSP is the sign bit if fractional two’s complement sign bit from the LSP and shifts the MSP down one bit. This 
notation is used (TCX=TCY=1, RS=0). The input and output is mandatory for unsigned magnitude, mixed mode, or integer 
formats for fractional two's complement. fractional unsigned two's complement operation. 
Name PFumetion | Value J Package 
Po9 Product MSB Pin 40 
Poo Pin 39 
Poy Pin 38 
Pop Pin 37 
Pig Pin 36 
Pig ad Pin 35 
Pay Pin 34 
Pig Pin 33 
Pas Pin 32 
Pag Pin 31 
P13 Pin 30 
P49 Pin 29 
Pay Pin 20 
Pip Pin 19 
Pg Pin 18 
Pp Pin 17 
Py Pin 16 
Pe Pin 15 
Pr Pin 14 
Py Pin 13 
Py Pin 12 
Py Pin 11 
Py Pin 10 
Po Product LSB | Pin 9 
Clocks 
The MPY012H has four clock lines, one for each of the input at the rising edge of the logical OR of both CLK X and CLK Y. 
- registers and one for each product register. Data and two's _ Special attention to the clock signals is required if normally 
_ complement instructions present at the inputs of these HIGH clock signals are used. Problems with loading this control 


registers are loaded into the registers at the rising edge of the signal can be avoided by the use of normally LOW clocks. 
appropriate clock. The RND input is registered, and clocked in 


Ciock Input Data X TTL 
Clock Input Data Y TTL 
Clock LSP Register TTL 
Clock MSP Register TTL 
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 a=a_ias 
are 
Figure 1. Fractional Two's Complement Notation 
BINARY POINT | 
anf Xa] ¥9 | Xa | % | Xe | %5 | Xa | Ma | 2 | %s | Xo | SIGNAL 
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Figure 2. Fractional Unsigned Magnitude Notation 


BINARY POINT 
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Figure 3. Fractional Mixed Mode Notation 


BINARY POINT 
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Figure 4. Integer Two's Complement Notation 
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Figure 6. Integer Mixed Mode Notation 
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Figure 7. Timing Diagram 
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Figure 8. Timing Diagram, Unclocked Mode 


OUTPUT 


tmuc 


THREE-STATE 
CONTROL 


OUTPUT 


(HIGH IMPEDANCE) 


Figure 9. Equivalent Input Circuit Figure 10. Equivalent Output Circuit 
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Figure 11. Test Load 


Figure 12. Three—State Delay Test Load 
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Application Notes 
Mixed Mode Multiplication 
There are several applications in which mixed mode two's complement notation (which requires an additional bit), or 
multiplication may be advantageous. For example, inputs to a the multiplier must be capable of mixed mode operation. The 
digital signal processor are often generated as unsigned MPY012H provides this capability by independently specifying 
magnitude numbers (e.g., data from an analog -to - digital the mode of the multiplicand (X) and the multiplier [Y) on the 


converter). These numbers are effectively all positive values. In TCX and TCY pins. No additional circuitry is required and the 
contrast, filter coefficients must often be negative. As a result, resulting product is in two’s complement notation. 
either the unsigned magnitude data must be converted to 


Multiplication By A Constant 


Multiplication by a constant requires that the constant be ~The multiply cycle then consists of loading new data and 
loaded into the desired input register, and that the selected strobing the output register. 
register not be loaded again until a new constant is desired. 


Selection Of Numeric Format 


Essentially, the difference between integer, mixed, and Because common design practice assigns a fixed value to any 
fractional notation in system design is only conceptual. For given line {and input and output signals often share the same 
example, the MPY012H does not differentiate between this line), the scale factors determine the connection of the output 
operation: pins of any multiplier in a system. As a result, only two 
Py? = 19 choices are normally made: integer and fractional notation. If 
. st integer notation is used, the Least Significant Bits of the 
and this operation: ee vi 
(/8) x (2/8) =12/64. multiplier, multiplicand, and product all have the same value. If 
fractional notation is used, the Most Significant Bits of the 
The difference lies only in constant scale factors {in this case, multiplier, multiplicand, and product all have the same value. 


a factor of 8 in the multiplier and multiplicand and a factor of | These formats are illustrated in detail in Figures 1 through 6. 
64 in the product). However, these scale factors do have 


implications for hardware design. 
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Register Shift (RS) Control 


In two's complement notation, the acceptable range of values The MPY012H has a Register Shift (RS) control that permits 


for a given word size is not the same for positive and shifting of the result to provide a correct answer for every 
negative numbers. The largest negative number is one LSB two's complement multiplication. When RS is active, the value 
larger than the largest positive number. This is true for either of all bits in the MSP is doubled (i.¢., shifted left one position), 
fractional or integer notation. A problem can arise when the which provides the capability to represent the largest possible 
largest representable negative number is multiplied by itself. product. The MSB of the Least Significant Product is changed 
This should give a positive number of the same magnitude. from a duplicate of the sign bit to the necessary bit to fill in 
However, the largest representable positive number is one LSBs the output word. The effects of this control are illustrated in 
less than this value. As a result, this product cannot be Figures 1 and 4. Note that for unsigned magnitude operation, 
correctly represented without using one additional output bit. the RS control must be HIGH. 


eS SSS ST SET SE SS 
Absolute maximum ratings (beyond which the device may be damaged) | | 
LE IN le ee we Se em Ee rE Ee a ae gan a ee I ee ae a ee eee ree ee aa 


Supply Voltage 


Input 


Output 


Temperature 


seneneenenennnnennrnentsninnnnennnean sestntntenneeereeestaseserenenerntustnestnbatansnonnsatanesinnntataentntannate nseettocnerari eiateeteatrnetntrateneratertuteat -0.5 to +7.0V 

AID POMMODEL WOU AUG cnet Sse cas ene oAbdene Nata sce wdc aene aed Deciseetel iad eee naa ech he tina eae Racer ial cee ait, -0.5 to +5.5V2 
FOP OC» ETTORE warts sos cassgstaessd utes saeco eben assaulted asia oee CaS cap isebccvs Apdo eet ealbpluast actuate tee ceca ciate Sacetinayeeee 6.0 to +6.0mA 
Applied WOltiage) <csteed eS sees ceastosst scorned cca naa cpteeec eee tage acislaeeest Geta | soto itiashin recrocaccacinees se -0.5 to +§.5V2 
POC CMe ess Se secaeeret ke te eee Racecar aaltepet TS erento teciaas ciatan rata we 1.0 to +6.0mA34 
Short—circuit duration (single output in high state to Ground) o....sssssssssssssssssssssssssssssssssssssessessssssesessastsussssesssiarstssessesiesiiesssaseesneseessesiie 1 sec 
Operating, CASE ......ssssssssssssssesssesees Sans leet ashes gabnntoaenas uatcaeni eeeanceoeeeiti cceaaiants niasstinuks ae vaisiclaaantecs tls tueattone mote Sieh asahass . -55 to +125°C 
JUNCTION .....sesecscsssseecesesees sche aih casteskt ude tsetcchackcattadeat cesta cea anc it ceca ep Sasa Saesas tatts cab Dak ales cco ane rad a scl Raoest aioe daastndease 176°C 

Leeched ONMGH ATVI 30 100: SER ONASE vsfsiztce, secant shsecdascascetsacaacsaaawoceceerassc cho loubosesBaageeevcste eaten cbs clases aeosStveanabs eee cha coeuadse nN oRabenes aces cme 300°C 
SLI AUG Ssscsccscessctinentsenasansunsoanibonnnves SE rn e eer ne nS NTN terrors Meee eT TO etre en naar ree adosectestulatesteae eit enaeeieen -65 to 150°C 


Notes: 


_ 1, Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 
2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. | 


4. Current is specified as conventional current flowing into the device. 
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Operating conditions 


Temperature Range 


Vee 


Electrical characteristics within specified operating conditions 


Parameter Test Conditions 


lec 
ML 


Spy Votan ee a ee a 
aa a (ee 


rout Regster Setup Tine || Pm 
a ae a eee 


Temperature Range 
Standard Extended 


ba | 
ao 
l=] 
=~ 
a 
[=] 


Supply Current Vec = MAX, Static | 


Input Current, Logic LOW Vec = MAX, Vj = 0.4V 

Xins Yin, RND, FT 

TCX, TCY, RS 

CLK L, M, X, and Y; TRIM, TRIL 
Input Current, Logic HIGH Vec = MAX, Vj = 2.4V 

Xin, Yin. RND, FT 

TCX, TCY, RS 

CLK L, M, X, and Y; TRIM, TRIL 
Input Current, Max Input Voltage Vec = MAX, V = 5.5V 


Output Voltage, Logic LOW Vec = MIN, Ig, = MAX 


Output Voltage, Logic HIGH Vec = MIN, Igy = MAX 


Hi-Z Output Leakage Current, Output LOW | Vcc = MAX, V = 0.4V 


Hi-Z Qutput Leakage Current, Output HIGH | Vcc = MAX, V = 2.4V 
Short- Circuit Output Current Vcc = MAX, one pin to ground, 


=~) = 


| -40 


one second duration max, output HIGH 


Input Capacitance Ty = 25°C, F = 1MHz 
Output Capacitance Ty = 25°C, F = 1MHz 


1. All inputs and outputs LOW. 


15 


J 
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: Switching characteristics within specified operating conditions | 


Temperature Range 


| | Standard Extended 
Parameter 7 Test Conditions | Min | Max | Min | Max | Units 
wc _ Multiply Time, Clocked voc= Mn ee ee 

tyyuc Multiply Time, Unclocked Vec=Min 4 pf 155 ff 185 ns 

tp Output Delay | Vec=Min, Test Load: Viggn=22v | s | 40 Js] 45 ns 
tena _ Three-State Output Enable Delay Vec=Min, Test Load: Viganp=18V | | 40 | | 45 | ns 
tpig —srThree-State Output Disable Delay Vec= Min, ns 

| | Test Load: VLOAD = 2:6V (toiso) 2 
Vioap=0.0V (tpisy) ” : 


: Notes: 1. All transitions are measured at a 1.5V level except for tpjg and teaya, which are shown in Figure 12. ’ 


Ze. denotes the transition from logical 1. to three-state. 
DIS1 ae 
tpisg denotes the transition from logical 0 to three-state. 


Ordering Information 


Temperature Range - Package 
STD—Ty =0°C to 70°C Commercial 64 Pin Ceramic DIP 
~~ EXT-Te= —55°C to 125°C High Reliability 64 Pin Ceramic DIP 
Ail parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Product 
Number 


MPYO12HJ1C_ 
MPYO12HJ1A 


Package | 
Marking 


O12HJIC 
O12HJ1A 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW.LSI Products Inc. components in life support applications assumes all risk 
of such use and indemnifies TRW LS! Products Inc. against all damages. 
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VLSI Multiplier Features 

16 x 16 Bit, 40ns e 40ns Multiply Time: MPYO16K-1 (Worst Case} 

The TRW MPYOTGK is @ video-speed 16 x16 bit parallel ¢ 0°" ss Leet pias fa 
multiplier which operates at a 40ns cycle time (25MHz In Compatiole With TRW MPYOTGE | 
multiplication rate). The multiplicand and the multiolier e 16x16 Bit Parallel Multintication With 32-Bit Qutput 
may be independently specified as two's complement or e Two Least Significant Product Output Modes: 
unsigned magnitude, yielding a full precision 32-bit Multiplexed With Most Significant Product Or 
product. ~ Multiplexed With Y Input. 


Individually clocked input and output registers are 
provided to maximize system throughput and simplify bus 


e Qutput Registers Can Be Made Transparent 
e Three-State TTL Output 


interfacing. These registers are positive-edge-triggered e Iwo's Complement, Unsigned Magnitude, Or Mixed 
D-type flip-flops. The Most Significant Product (MSP) and Mode Multiplication 
Least Significant Product (LSP) can be multiplexed e Fully TTL Compatible 


through a dedicated output port, or the LSP can share a Proven High-Reliability Radiation Hard Bipolar Process 


bidirectional port with the Y input. All outputs are 
three-state. 


Built with TRW's OMICRON-B™ 1-micron bipolar 


e Single +5V Power Supply 
e Available In A 64 Pin Ceramic DIP 


process, the MPYO16K is pin compatible with the Applications 
industry standard MPYO16H and operates with three e Array Processors 
times the speed at comparable power dissipation. The 


MPYO16K is the industry's first true video-speed 16-bit 


multiplier. 


e Video Processors 

e Radar Signal Processors 

e FFT Processors 

e General Purpose Digital Signal Processors 
e Microcomputer/Minicomputer Accelerators 


Functional Block Diagram 


TCX 


Xin 
(X45_9) 


CLK X MSPoyt/LSPout 


(P31.16/P 15-0) 


CLK Y 


Yin! LSPout 
(¥45.9'P 15.0) 


TCY 


RS FT CLKL TRIL 15 
TRW LSI Products Inc. Phone: (619) 457-1000 ©TRW Inc. 1990 
PO. Box 2472 FAX: (619) 455-6314 40G01132 Rev. G—11/90 


La Jolla, CA 92038 Printed in the U.S.A. 


MPYO16K — Ri 


Functional Block Diagram 
TCX. mh — | | 3 , - ae 
: CLKM MSEL TRIM 
(X45-9) 16 ; : . 
- V 
CLK X ial MSPpy/LSP 
(-~ ae say, [p> 22, AS ie a 
. > 16 16 31-16 15-0 
V FORMAT | | 
CLKY >— 
1 
Yin/LSPout 


ADJUST —~ 
Y45.0/P 15.0) 


SS 


TCY 


RS FT CLKL TRIL 


Pin Assignments 
Xy 1 ] 64 X5 
X3 2 ] 63 Xg 
Xp 34 pt 62 X7 
X, 4 1 61 Xg 
Xp 5 1 60 Xg 
TRIL 6% 1 59 X49 
CLK L 7 1 58 X44 
CLK Y 8! 1 57 X49 
Py.Yo 9! 1 56 X43 
PoYo 11 | 1 54 X45 
P3,Y3 12! 1 53 CLK X 
Pa.Yq 13 5 1 52 RND 
Ps.Y5 14° 1 51 TCX 
Pg.Yg 15 & | 50 TCY 
P7,Y7 16 | 49 Vcc 
Pp.Yg 17 | 48 Vcc 
Pg¥q 18 | 47 GND 
Pip.¥ig 19! 46 GND 
P44.¥44 20° 45 MSEL 
P42,.¥42 21 | 44 FT 
P43.¥43 22 | 43 RS 
Piq.¥4q 23 42 TRIM 
Pa5.¥15 24 5 rt 41 CLK M 
Po.P 1g 25 | | = 40 P31.P45 
P1,P47 26 | 1 39 P3p,P44 
P2,Pig 27 | 1 38 P29,P43 
_ P,Pag 28 | 1 37 Pog,P42 
P4,P29 29 | Pa 36 Po7.P44 
Ps,P91 30 | 1 35 Po6,P49 
Pg.Po9 31 | 1 34 Po5,Pq 


P7,P93 32 £ 1 33 Po4.Pg 


64 Lead DIP - Jt Package 
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Functional Description 


General Information 


The MPYO16K has three functional sections: Input registers, an designed to handle two's complement or unsigned magnitude 


asynchronous multiplier array, and output registers. The input numbers. The output registers hold the product as two 16-bit 
registers store the two 16-bit numbers which are to be words, the Most Significant Product (MSP) and the Least 
multiplied and the instruction which controls the output Significant Product (LSP). Three-state output drivers allow the 
rounding. The rounding control is used when a single-word MPYOQ16K to be used on a bus, or allow the least and most 
Output Is desired. Each input operand is stored independently, Significant outputs to be multiplexed over the same 16-bit 
simplifying multiplication by a constant. The asynchronous output lines. The Least Significant Product (LSP) is multiplexed 
multiplier array is a network of AND gates and adders, with the Y input. 

Power 

The MPYO16K operates from a single +5.0V supply. All power ground pin; this is a control lead in the MPYO16K. A ground 
and ground lines must be connected. Note that the device is on this pin (which must exist in all MPYQ16H applications) will 
pin-compatible with the MPY016H, which has an additional cause the MPYO16K to function like an MPYO16H. 


J1 Package 


Pins 48, 49 
Pins 46, 47 


Positive Supply Voltage +5,0V 
Ground 0.0V 


The MPYO16K has two 16-bit two's complement or unsigned fractional mixed mode, integer two's complement, integer 
magnitude data inputs, labeled X and Y. The Most Significant unsigned magnitude, and integer mixed mode notation are 
Bits (MSBs), denoted X15 and Y45, carry the sign information shown in Figures 1 through 6, respectively. The Y inputs are 


Data Inputs 


for the two’s complement notation. The remaining bits are multiplexed with the LSP outputs, and hence can only be used 
denoted Xg through X14 and Yg through Y7q (with Xg and Yg — when the TRIL control is in a HIGH state. This is true whether 
the Least Significant Bits). The input and output formats for or not the LSP is also multiplexed out through the MSP output 
fractional two's complement, fractional unsigned magnitude, -—_portt. 
e 
X45 X Data MSB Pin 54 
X14 Pin 55 
X13 Pin 56 
X19 Pin 57 
X14 Pin 58 
X19 Pin 59 
Xg Pin 60 
Xg Pin 61 
Xq Pin 62 
Xe Pin 64 
X4 Pin 1 
Xg Pin 2 
X Pin 3 
X Pin 4 
Xq X Data LSB | Pin 5 
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Data Inputs (Cont) 


Y Data | MSB 


Y Data LSB 


Data Outputs 


The MPY016K has a 32-bit two's complement or unsigned 
magnitude output which is the product of the two input data 
values. This output is divided into two 16-bit output words, 
the Most Significant Product (MSP) and Least Significant 
Product (LSP). The Most Significant Bit (MSB) of both the MSP 
and the LSP is the sign bit if fractional two’s complement — 
notation is used (TCX = TCY = 1, RS = 0). The input and 
output formats for fractional two’s complement, fractional 
unsigned magnitude, fractional mixed mode, integer two's 
complement, integer unsigned magnitude, and integer mixed 
mode notation are shown in Figures 1 through 6, respectively. 


Product MSB 


18 


J1 Package 


Pin 24 
Pin 23 
Pin 22 
Pin 21 
Pin 20 
Pin 19 
Pin 18 
Pin 17 
Pin 16 
— Pin 15 
Pin 14 
Pin 13 
Pin 12 
Pin 11 
Pin 10 


If MSEL is LOW, the LSP output can be taken from the Y 
input pins only when TRIL is LOW. Care must be taken to 
enable these shared input lines only at the proper time. If 
MSEL is HIGH, the LSP output is made available at the MSP 
lines, aS well as at the Y input pins. For an output from the 
MSP lines to be read, the TRIM control must be active. 


RS is an output format control. A HIGH on RS deletes the 
sign bit from the LSP and shifts the MSP down one bit. This 
is mandatory for unsigned magnitude, mixed mode, or integer 
two's complement operation. — 


Ji Package 
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Data Outputs (Cont.) 


J1 Package 


Input/Ouput 


Pas Pin 24/Pin 40 
P14 Pin 23/Pin 39 
Pig Pin 22/Pin 38 
P19 Pin 21/Pin 37 
Pay Pin 20/Pin 36 
P10 Pin 19/Pin 35 
Pg Pin 18/Pin 34 
Pp Pin 17/Pin 33 
Py Pin 16/Pin 32 
Pe Pin 15/Pin 31 
Pr Pin 14/Pin 30 
Py Pin 13/Pin 29 
Ps Pin 12/Pin 28 
Po Pin 11/Pin 27 
Py Pin 10/Pin 26 


Pin 9/Pin 25 


Product LSB 


Clocks 


The MPYO16K has four clock lines, one for each input register the logical OR of both CLK X and CLK Y. Special attention to 
and one for each product register. Data and two's complement — the clock signals is required if normally HIGH clock signals are 
instructions present at the inputs of these registers are loaded used. Problems with loading this control signal can be avoided 
into the registers at the rising edge of the appropriate clock. by the use of normally LOW clocks. 

The RND input is registered, clocked in at the rising edge of 


Name Function | Value J1 Package 
CLK X Clock Input Data X TTL Pin 53 
CLK Y Clock Input Data Y TTL Pin 8 
CLK L Clock LSP Register TTL Pin 7 
CLK M Clock MSP Register TTL Pin 41 
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Controls 
The MPYO16K has eight control lines. 


FT A control line which makes the output register RND 
transparent if it is HIGH. 


TRIM, TRIL = Three-state enable lines for the MSP and the 
LSP. The output driver is in the high-impedance 
state when TRIM or TRIL is HIGH, and enabled 
when the appropriate control is LOW. 


RS. RS is an output format control. A HIGH level on 
RS deletes the sign bit from the LSP and shifts 
the MSP down one bit. This is mandatory for 
unsigned magnitude, mixed mode, and two’s 
complement integer operations. TCX, TCY 


= 
m 
ee 


MSEL is an output multiplex control. When 
MSEL is LOW, the MSP is available to the 
output three-state drivers at the MSP port, and 
the LSP is available to the output three-state 


When RND is HIGH, a one is added to the 
MSB of the LSP. Note that this bit depends on 
the state of the RS control. If RS is LOW when 
RND is HIGH, a one will be added to the 2-16 
bit (Pyq). If RS is HIGH when RND is HIGH, a 
one will be added to the 2~!9 bit (Pye). In 
either case, the LSP output will reflect this 
addition when RND is HIGH. Note also that 
rounding always occurs in the positive direction; 
in some systems this may introduce a 
systematic bias. 


Control how the device interprets data on the X 
and Y inputs. A HIGH on TCX or TCY makes 
the appropriate input a two's complement input, 
while a LOW makes the appropriate input a 
magnitude only input. 


drivers at the LSPIY input port. When MSEL is FT, RS, MSEL, TRIM, and TRIL are not registered. The TCX 

HIGH, the LSP is available to both three-state input is registered, and clocked in at the rising edge of the X 

drivers and the MSP is not available. clock signal, CLK X. The TCY input is also registered, and 
clocked in at the rising edge of the Y clock signal, CLK Y. The 
RND input is registered, and clocked in at the rising edge of 
the logical OR of both CLK X and CLK Y. Special attention is 
required if normally HIGH clock signals are used. Problems 
with loading of these control signals can be avoided by the 
use of normally LOW clocks. 


Name Function 


RND Round Control! Bit 


TCX X Input Two's Complement TIL . Pin 51 
TCY Y Input Two's Complement TTL Pin 50 


FT Output Register Feedthrough 
RS Output Register Shift 

MSEL Output Select 

TRIM 

TRIL 


20 


J1 Package 
Pin 52 


TTL Pin 44 
TTL Pin 43 
TTL Pin 45 
TTL Pin 42 
TTL Pin 6 
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Figure 1. Fractional Two's Complement Notation 
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Figure 2. Fractional Unsigned Magnitude Notation 
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Figure 3. Fractional Mixed Mode Notation 
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Figure 4. Integer Two's Complement Notation 
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Figure 6. Integer Mixed Mode Notation 
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Figure 7. Timing Diagram, Non—Multiplexed Output 
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Figure 8. Timing Diagram, Unclocked Mode, Non—Multiplexed Output 
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Figure 9. Timing Diagram, Multiplexed Output 
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Figure 10. Equivalent Input Circuit 
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Note: 1. CLK Y and CLK L each drive two equivalent inputs. 


Figure 12. Test Load 
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Figure 11. Equivalent Output Circuit 
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Application Notes 


Mixed Mode Multiplication 


There are several applications in which mixed mode 
multiplication may be advantageous. For example, inputs to a 
digital signal processor are often generated as unsigned 
magnitude numbers (e.g., data from an analog -to-digital 
converter). These numbers are effectively all positive values. In 
contrast, filter coefficients must often be negative. As a result, 
either the data must be converted to two’s complement 


notation (which requires an additional bit), or the multiplier 
must be capable of mixed mode operation. The MPY016K 
provides this capability by independently specifying the mode of 
the multiplicand (X) and the multiplier (Y) on the TCX and TCY 
pins. No additional circuitry is required and the resulting 
product is in two’s complement notation. 


Multiplication By A Constant 


Multiplication by a constant requires that the constant be 
loaded into the desired input register, and that the desired 
register not be loaded again until a new constant is desired. 


The multiply cycle then consists of loading new data and 
strobing the output register. 


Selection Of Numeric Format 


Essentially, the difference between integer, mixed, and 
fractional notation In system design is only conceptual. For 
example, the MPY016K does not differentiate between this 
operation: 


bX = 12 
and this operation: 
(6/8) X (2/8) = 12/64. 


The difference lies in constant scale factors (in this case, a 
factor of 8 in the multiplier and multiplicand and a factor of 
64 in the product). However, these scale factors do have 


implications for hardware design. Because common good 
design practice assigns a fixed value to any given line (and 
input and output signals often share the same line), the scale 
factors determine the connection of the output pins of any 
multiplier in a system. As a result, only two choices are 
normally made: integer and fractional notation. If integer 
notation is used, the Least Significant Bits of the multiplier, 
multiplicand, and product all have the same value. If fractional 
notation is used, the Most Significant Bits of the multiplier, - 
multiplicand, and product all have the same value. These 
formats are illustrated in detail in Figures 1 through 6. 


Register Shift (RS) Control 


In two's complement notation, the acceptable range of values 
for a given word size is not the same for positive and 
negative numbers. The largest negative number is one LSB 
larger than the largest positive number. This is true for either 
fractional or integer notation. A problem can arise when the 
largest representable negative number is multiplied by itself. 
This should give a positive number of the same magnitude. 
However, the largest representable positive number is one LSB 
less than this value. As a result, this product cannot be 
correctly represented without using one additional output bit. 


TRW LSI Products Inc. 


The MPYO16K has a Register Shift (RS) control that permits 
shifting of the result to provide a correct answer for every 
two's complement multiplication. When RS is active, the value 
of all bits in the MSP is doubled (i.e. shifted left one position), 
which provides the capability to represent the largest possible 
product. The MSB of the Least Significant Product is changed 
from a duplicate of the sign bit to the necessary bit to fill in 
the output word. The effects of this control are illustrated in 
Figures 1 and 4. Note that for unsigned magnitude operation, 
the RS control must be HIGH. 


Absolute maximum ratings (beyond which the device will be damaged) ' 


SUMP WON RRR cdc cece cszvn chet etn cohi cbse cn Siondaih asda ca abd a oncaeid RS ete ection cs sinisdsectorsthten sail lal atrasbesncetscetacesy, 20 20 SET OV 
Input | | | 
Applied voltage ....ccccssssssue Se aC vs Wrenn et tek PDO ee PRO SDOET EN a NERON ET OR ART PETS er OC OW roe rT -05 to +5.5V2 
Forced CUFTeNtt oesssssssssssssnsee eke ene omen eet Tela atenate Os ner rete peepee -6.0 to +6.0mA_ 
Output | rat o. | 7 : ais 3 
Applied voltage isc tnccetastbaccenthattanat vali andar cae ance en ohadinniueammnematmeteneamaatcamauss SUR tS OVE 
Forced \CUPTEME cicctsirosietcatuacnceeetcrenttaeie Dis sete act teh ae ae putea -0.1 to +6.0mA%4 
Short—circuit duration (single output in high state tO Ground) ............ssssssccsssesssessecsssssssesssssssecsssnesseessssusesseesssussescssussseassneseesssnsesesssessessseccsnusesssoseseessen 1 sec 
Temperature 
© Operating, CASE essere sag eapieacdistacinvaneeets Lourie aacaes ahah caeenacttiatactoramnmnamnata siden iudntatansetraeaatatds wwe 60 to +140°C 
HUAC HON sucha stecseclcscerteeartcaee Oeste eect tata a Nak oases ake a circa elias ete etdlatt oatieted matancauah TOY 
[UeiCh = SobCS rant AUN sscene rnb at cata ecstacy sauauc ete aotanaan emt utopian eneaboinsaustancieeh cud naceoibcasbone igmtag dca 300°C 
RDEGE GUID: Goe-cinvessaces’ossnsvassssvenicess acces eicises ashi snaosaettoc eines oacuatot woreda aceernaageieenel dditedtenimenaemenen aes -65 to +150°C 
Notes: | 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT. implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


ts Input Setup Time (MPYO16K) ee 
_wpvoneK-) 
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Electrical characteristics within specified operating conditions 


Temperature Range 
Standard Exten 


a. 
Qa. 


Parameter Test Conditions | Min | Max | | Max | Units 
Icc Supply Current Vec ~ MAX, Static | a Lo 
Ta = O°C to 70°C | | BTS | om 
qa we? es 
ig = 0 +H | Sem 
eee mf 
ae 
nf 


lit Input Current, Logic LOW Vec = MAX, Vv) = 0.4V 
Xin, Yin, TCY, TCX, FT, RND 
CLK Y, CLK L 
CLK X, CLK M, MSEL, TRIM, TRIL, RS 
ly «Input Current, Logic HIGH Vec = MAX, VY = 2.4V 

Xin, Yin: TCY, TCX, FT, RND 

CLK Y, CLK L 

CLK.X, CLK M, MSEL, TRIM, TRIL, RS 


\ Input Current, Max Input Voltage Vec = MAX, Vv = 5.5V 
Vo, Output Voltage, Logic LOW Vcc = MAX, Ig, = MAX 
Voy Output Voltage, Logic HIGH Vec = MIN, Igy = MAX 


loz. Hi-Z Output Leakage Current, ‘Output LOW Voc = MAX, V = 0.4V 
Non-Shared Pins 
Shared Pins 

lozy Hi-Z Output Leakage Current, Output HIGH | Ver = MAX, V) = 2.4V 
Non-Shared Pins 
Shared Pins 

log Short Circuit Output Current Vec = MAX, One pin to ground, 

one second duration, output HIGH. 


C Input Capacitance Ty = 25°C, F = 1MHz 
Co Output Capacitance Ty = 25°C, F = IMHz 


Notes: 


o 
Ro 
3 

> 


o 
an 
<= 


3 
> 


1. Worst case, all inputs and outputs LOW. 
2. Part has a negative temperature coefficient, |.e., power consumption falls as temperature increases. 
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Switching characteristics within specified operating conditions 1 | 


Temperature Range 


Parameter _ Test Conditions | Min | Max | Min | Max | Units 
tuic Multiply Time, Clocked Vec=Min, a i 
3 . MPY016K 45 50 | ns 
ee ea ee 
twuc Multiply Time, Unclocked ; Vec=Min 
amen Fail Seer 
tp Output Delay Vec=Min, Test Load: VEOAD=2:2V | tel tal 
MPYO16K si 30 35 ns 
ed | _MPYO16K-1__ | | 9] | 3% [ns 
EL Ouut Matix Sout Delay | Vgg=Min, Test andi Vigapmaav [20] | 28 | m 
tena _ Three-State Output Enable Delay Vec=Min, Test Load: Vigqanp=18V | | 30 | | 35 | ns 
tpig —«sThree-State Output Disable Delay Vec=Min, | 30 35 ns 
Test Load: VLOAD = 2:6V (torso) 2 
Vioap=2.0V ltpjsq) ” 


Notes: 1. All transitions are measured at a 1.5V level except for tpig and teyya, which are shown in Figure 13. 


2. tpjs1 denotes the transition from logical 1 to three-state. 
tpjgq denotes the transition from logical 0 to three-state. 


Ordering Information 


Product Package : 


Number 


Package 
Marking 


MPY016KJ1C STD-Tp=0°C to 70°C ‘| Commercial 64 Pin Ceramic DIP O16KJIC 
MPY016KJ1C1 . STD—Ty=0°C to 70°C - Commercial 64 Pin Ceramic DIP 016KJ1C1 
MPYO16KJ1A . EXT—Te=—55°C to 125°C High Reliability 64 Pin Ceramic DIP O16KJ1A 
MPY016KJ1A1 EXT—Tce=—55°C to 125°C -High. Reliability 64 Pin Ceramic DIP O16KJ1A1 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
“to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk 
of such use and indemnifies TRW LSI Products Inc. against all damages. 
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aa 


Multiplier Features 
12x12 Bit, 50ns e 50ns Multiply Time (Worst Case] 
| , | 12x12 Bi lel iplicati | -Bi 
The MPY112K is a video-speed 12x 12 bit paral ee eee 
multiplier which nei at a 5Ons cycle time ne 
multiplication rate}. The multinlicand and the multiolier ° Fully TIL Compatible 
may be specified together as two’s complement or e Three-State Outputs 
unsigned magnitude, yielding a 16-bit result. Mixed mode © Two's Complement Or Unsigned Magnitude 
Operation is not available on this device. Multiplication 


e Proven High-Reliability Radiation Hard Bipolar Process 
@ Single +5V Power Supply 
Available In A 48 Pin Ceramic DIP 


Individually clocked input and output registers are 
provided to maximize system throughput and simplify bus 
interfacing. These registers are positive-edge-triggered 
D-type flip-flops. The most significant 16 bits of the ies 
product are available at the output register. The output is Applications 


a single three-state port. e Array Processors 


Built with TRW's OMICRON-B™ 1-micron bipolar process, ° V!4e0 Processors 

the MPY112K is similar to the industry standard Radar Signal Processors 
MPY012H but operates with more than twice the speed © FFI Processors 

at about three-quarters of the power dissipation. The e General Digital Signal Processors 


MPY112K is the industry's first true video-speed 12-bit © Microcomouter/Minicomouter Accelerators 
multiplier. P P 


Functional Block Diagram 


XIN 
(X11-0) Z> 
12 


CLK X 
Ds Dap 
12 
YIN i> Ry 


Te >—> [A _"0_ 


CLK M OE 
29 
TRW LSI Products Inc. Phone: (619) 457-1000 ©TRW Inc. 1990 
P.O. Box 2472 FAX: (619) 455-6314 AQ0G00388 Rev. G—11/90 


La Jolla, CA 92038 Printed in the U.S.A. 


Functional Block Diagram 


12 A 


CLK X > oe | | 


Zw > [SZ 


Pin Assignments 


Xip 1 48 Xq 
X44 2 47 Xg 
Yo 3 46 X7 
YY 4 45 Xg 
Yo 5 44 X5 
Y3 6 | 43 Xq 
Yq 7 42 X3 
Ys 8 Mi Xo 
Yg 9 40 xX, 
Y7 10 39 Xp 
Yg 11 38 CLK X 
Vec 12 37 GND 
Vec 13 36 GND 
Yg 14 35 Pp 
Yi9 15 34 Pg 
Yq, 16 33 P49 
Te 17 32 P44 
CLK M 18 31 Pa 
OE 19 30 P43 
Po3 20 29 P44 
Poo 21 28 P45 
Po, 22 27 Pig 
Po9 23 26 P47 
Pig 24 25 Pig 


48 Lead DIP - J4 Package 
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Functional Description 


General Information 


The MPY112K has three functional sections: input registers, an since the product and the Y input share a common clock, any 


asynchronous multiplier array, and output registers. The input constant should be stored in the X register. The asynchronous 
registers store the two 12-bit numbers which are to be multiplier array is a network of AND gates and adders which 
multiplied and the instruction which controls whether the have been designed to handle two’s complement or unsigned 
inputs are to be considered as two's complement or unsigned magnitude numbers. The output register holds the most 
magnitude numbers. Each input operand is stored significant 16 bits of the product. Three-state output drivers 


independently, simplifying multiplication by a constant; however, allow the MPY112K to be used on a bus. 


Power 
The MPY112K operates from a single +5 Volt supply. Note extended temperature range is 5.25 Volts. All power and 
that the maximum voltage for proper operation over the ground lines must be connected. 


J4 Package 


Pins 12, 13 
Pins 36, 37 


ee 


Positive Supply Voltage +5.0V 
Ground 0.0V 


The MPY112K has two 12-bit two’s complement or unsigned the Least Significant Bits). The input and output formats for 


Data Inputs 


magnitude data inputs, labeled X and Y. The Most Significant fractional two's complement notation, fractional unsigned 
Bits (MSBs), denoted X14 and Y44, carry the sign information magnitude notation, integer two's complement notation, and 
for the two's complement notation. The rest of the bits are integer unsigned magnitude notation are shown in Figures 1 


denoted Xg through X49 and Yg through Yyg (with Xg and Yg __ through 4, respectively. 


J4 Package 


X Data MSB Pin 2 
X10 Pin 1 
Xg Pin 48 
Xg Pin 47 
X7 Pin 46 
Kp Pin 45 
Xs Pin 44 
X4 Pin 43 
X3 Pin 42 
Xo Pin 41 
X Pin 40 


X Data LSB 
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Data Inputs (Cont.) | 
J4 Package 
Pin 16 

~ Pin 15 

— Pin 14 
Pin 11 
Pin 10 
Pin 
Pin 
Pin 
Pin 
Pin 
Pin 


oo F-» oS “ Ce cw 


Y Data LSB 


Data Outputs 


The MPY112K has a 16-bit two's complement or unsigned: input and output formats for fractional two's complement 


magnitude output which is the product of the two input data —_—notation, fractional unsigned. magnitude notation, integer two's 
values. This output is the most significant 16 bits of the complement notation, and integer unsigned magnitude notation 
complete product. The output is truncated to this length, not are shown in Figures 1 through 4, respectively. The output 
rounded. The Most Significant Bit (MSB) of the product is the driver is in the high-impedance state when OE is HIGH, and 
sign bit if two's complement notation is used (TC=1). The . enabled when OE is LOW. | 

Name | Fumotion tue 44 Package 

Pog Product MSB , | Pin 20 

Poo | Pin 21 

Poq Pin 22 

Pog Pin 23 

Pig Pin 24 

Pip Pin 25 

Pa Pin 26 

Pig Pin 27 

Pis Pin 28 

Pig Pin 29 

Pig Pin 30 

Pig Pin 31 

Pay Pin 32 

Pip Pin 33 

Pg Pin 34 

Pp Pin 35 
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Clocks 


The MPY112K has two clock lines, one for the X input register  two’s complement instruction, and the product present at the 
and one for both the Y input register and the product register. | output of the asynchronous multiplier array are loaded into the 
Data present at the X input are loaded into the registers at appropriate registers at the rising edge of CLK M. 

the rising edge of CLK X. Data present at the Y input, the 


Clock input Data X TTL 
Master Clock TTL 


J4 Package 


Controls 

The MPY112K has two control lines. OE is a three-state The device will interpret data as two's complement when TC 
enable line for the output. The output drivers are in the = __—is HIGH, and as unsigned magnitude when TC is LOW. OE is 
high-impedance state when UE is HIGH, and enabled when OE not registered. TC is registered and clocked in at the rising 
is LOW. edge of CLK M. 


J4 Package 


Two’s Complement TTL 
Three-State Control TTL 
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Figure 1. Fractional Two's Complement Notation 
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SIGNAL 
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Pio} Pa Pa] Pr] Pe | Ps | Pa] Ps] 2 | Pr | Po | SIGNAL 
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Figure 2. Fractional Unsigned Magnitude Notation 
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Figure 5. Timing Diagram 
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Figure 6. Equivalent Input Circuit Figure 7. Equivalent Output Circuit 
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Figure 8. Test Load Figure 9. Transition Levels For Three—State Measurements 
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Absolute maximum ratings (beyond which the device will be damaged) ' 


Supply Voltage 


Input - 


Output 


Temperature 


Notes: 


Operating conditions 


Parameter 


Veo Supply Voltage a | 80 | 55 


sien picasa hace Aiescets ace ac ete 2s cen Spe a ata canis Saeed dadaa oe tables aah daeaPeate dea th -0.5 to +7.0V 
Applied voltage .....ssccssssssssssse eee ER aR EN ae E TT Oy ene MET RLY nT ee TT ssiiaheledtae feck NE te 3 ee -0.5 to +5.5V2 
FPEDUGebtd CLIN IM cst cxsessascsscnn pcos cpus ak esses Sac basatons evan ank ets SG ova nah vase uns ucaa NG cananc eevee Seacd angel aati ea ave eT eae -6.0 to +6.0mA 
ID INS WOO AC) ees ct ceca teat cee tne eek aisle trast ced ate utente ocala etioeasean die aceon -0.5 to +5.5V2 
Par CUNT BRT a scssiehcOecccehccaly ackesectteuae eg aesetccaethee Se lected antec Sede cue osbam esa ern cases aaah tcgiuee eaten -1.0 to +6.0mA3.4 
Short—circuit duration (single output in high state to Ground) ....ccssosssssssssssssssssssssssssssssssssnsssssssssssanssssssssseessussseesssstnsseessssanissesssesssecessesseesan 1 sec 
ODT GUNES MASE tices tect tS cece deo craesebwenw acUatn std ava bae ateree hat tea tac eta Tecate eR Aas esar late -55 to +125°C 

UMUC EDC sescasssstearan it etubsiheaauasiiaveitenanapane a leavsuoobaaeutesbd soul asnota ct Snseicbvdebacpseaasaadabva hadeaiooia tadiberdy ene svenenennensnnannnennneanesne 175°C 
Liseitd” Severin: 0 SB COINS) oss gucvevctatascch poze enaaznbocectiuue tel cade Soauiaavgete tecaesiponrtdadives Sitaeduntatatedeh seat eacoucecb te cha earelaeshah at bacon 300°C 
SUEDE EIR asec cce cuca autevac td vcVauatee shat caces de cae ce a le dace cSt atcc nee cee ta duced ae aaa tes recedes bees cen ates -65 to 150°C 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


. Temperature Range | 


<= 
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A AIXV 
Electrical characteristics within specified operating conditions 
Temperature Range 
Standard Extended 
Parameter Test Conditions | Min | Max — | Min | Max | Units 
lec Supply Current Vec = MAX, Static |] gf] 0] mA 
ly. Input Current, Logic LOW Veco = MAX, V) = O4V ane aes ee 
Data Inputs, TC | | 02 | 03 | mA 
ee ee 
ny ‘Input Current, Logic HIGH Vec = MAX, Vj = 24V (aaa a ee 
Data Inputs, T a 
CU X, OF ee 
a ee 
I Input Current, Max Input Voltage Vec = MAX, V = 5.5 a a mA 
Vo, Output Voltage, Logic LOW Voc = MAX, Ig, - MAX a ee 
Voy Output Voltage, Logic HIGH Voc = MIN, Igy = MAX re 
loz, Hi-Z Output Leakage Current, Output LOW | Vcc = MAX, V, = 0.4V | 90 fo | 40 fo uA 
lozH Hi-Z Output Leakage Current, Output HIGH | Vcc = MAX, V = 2.4V | -40 [40 | -400 | 0 uA 
los Short-Circuit Output Current Vec = MAX, Qutput HIGH, one pin to ground, mA 
one second duration max 
C Input Capacitance Ty = 25°C, F = MHz Pf we ff pF 
Cg Output Capacitance Ty = 25°C, F = 1MHz rs pF 
Switching characteristics within specified operating conditions ! 
Temperature Range 
Standard Extended 
Parameter Test Conditions | Min | Max | Min | Max | Units 
tp Output Delay Vec = MIN, Test Load: Vigan = 2.2V a ee ae ee ns 
tena Three-State Output Enable Delay Vec = MIN, Test Load: Vigap = 1.8V | fl ns 
tpig ‘Three-State Output Enable Delay Vec = MIN, Test Load: Vi gap = 2.6V ns 
toIso. 0.0V for tois12 
Notes: 


1. All transitions are measured at a 1.5V level except for topic and tej, which are shown in Figure 9. 


2. tpjs1 denotes the transition from logical 1 to three-state. 
tpisg denotes the transition from logical 0 to three-state. 
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Application Notes 


Mixed- Mode Multiplication 


There are several applications in which it may be 
advantageous to perform-mixed-mode multiplication. 
Video data are often generated as unsigned magnitude 
numbers (e.g., data from an analog-to-digital converter). 
These numbers are effectively all positive values. In 
contrast, filter coefficients must often be negative. As a 
result, either the video data must be converted to two's 
complement notation (which requires an additional bit), 
or the multiplier must be capable of mixed-mode 
operation. The MPY112K can only provide this capability 
by making the MSB of the unsigned magnitude number 
a zero, thus reducing its precision to eleven bits. No 
additional circuitry is required. 7 


Multiplication By A Constant 


Multiplication by a constant requires that the constant 
be loaded into the desired input register, and that the 
register not be loaded again until a new constant Is 
desired. The multiply cycle then consists of loading new 
data and strobing the output register. Due to the sharing 
of the CLK M pin by the Y input register and the output 
register, all constants should be kept in the X register. 


Selection Of Numeric Format 


Essentially, the difference between integer, mixed, and 
fractional notation in system design is only conceptual. 
For example, the MPY112K does not differentiate 
between this operation: 


bx Z=12 


and this operation: 


(6/8) x (2/8) =12/64. 

The difference lies only in constant scale factors (in this 
case, a factor of 8 in the multiplier and multiplicand and 
a factor of 64 in the product). However, these scale 
factors do have implications for hardware design. 
Because common good design practice assigns a fixed 
value to any given line (and input and output signals 
often share the same line}, the scale factors determine 
the connection of the output pins of any multiplier in a 
system. As a result, only two choices are normally made: 
integer and fractional notation. If integer notation is 
used, the Least Significant Bits of the multiplier, 
multiplicand, and product all have the same value. If 
fractional notation is used, the Most Significant Bits of 
the multiplier, multiplicand, and product all have the 
same value. These formats are illustrated in detail in 
Figures 1 through 4. 


Exceptional Case 


The most negative number which can be represented in 
two's complement notation is greater in magnitude than 
the largest representable positive number by one LSB. 
This is only a problem when the full-scale negative 
number is squared. If fractional notation is used, this 
means that (—1) x (—1) with the MPY112K will yield the 
(incorrect) result (— 1}. In the full-precision series of 
multipliers the correct result can be obtained by the use 
of the RS control, which was not included on the 
MPY112K due to pin count limitations. 


Ordering Information 


Product 
Number 


MPY112KJ4C 
MPY112KJ4A 


STD-Tpy =0°C to 70°C 
EXT-Tp= —55°C to 125°C 


Commercial 48 Pin Ceramic DIP 
High Reliability 48 Pin Ceramic DIP 


Package 
Marking 


112KJ4C 
112KJ4A 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LS! Products Inc. components in life support applications assumes all risk of 


such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC2009 


7 ANvy 


CMOS Multiplier-Accumulator 
12x12 Bit, 135ns 


The TMC2009 is a high-speed 12 x 12 bit parallel 
multiplier-accumulator which operates at a 135ns cycle 
time (7.4MHz multioly-accumulate rate}. The input data 
may be specified as two's complement or unsigned 
magnitude, yielding a full-precision 24-bit product. 
Products may be accumulated to a 27-bit result. 


Individually clocked input and output registers are 
provided to maximize system throughput and simplify bus 
interfacing. These registers are positive-edge-triggered 
D-type flip-flops. The result is divided into a 3-bit 
-eXTended Product (XTP), a 12-bit Most Significant 
Product (MSP), and a 12-bit Least Significant Product 
(LSP). Individual three-state output ports are provided for 
the XTP, the MSP, and the LSP. The output register can 
be preloaded directly via the output ports. 


Built with TRW’'s 2-micron CMOS process, the TMC2009 
is pin and function compatible with the industry standard 
TDC1009 and operates with the same speed at one-fifth 
or less power dissipation. 


Features 


Low Power Consumption CMOS Process 

Pin And Function Compatible With TRW TDC1009 
e 135ns Multiply-Accumulate Time (Worst Case) 

e 1212 Bit Parallel! Multinlication With Accumulation 
To 27-Bit Result 


e Selectable Accumulation, Subtraction, Rounding, And 
Preloading 


e All Inputs And Outputs Are Registered TTL Compatible 
e Three-State Output 

e¢ Twos Complement Or Unsigned Magnitude Operation 
e Single +5V Power Supply 

e Available In 64 Pin Hermetic Ceramic DIP 


Applications 


e Array Processors 

Video Processors 

e Radar Signal Processors 

FFT Processors 

General Purpose Digital Signal Processors 
e Microcomputer/Minicomputer Accelerators 


Functional Block Diagram 


12 PREL TSX 
Xin y J» 27 
X14-9) ‘ 3 
A —s, *Pour 
il (P26-24) 
CLK X * 
24 
ACC,SUB iy MSP 
RND,TC | 57 <> OUT 
(P23~ 42) 
{ 
TSM 
12 
YIN LSPout 
nm auaie spe = 
| A 
CLK Y 
CLK P TSL 
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Functional Block Diagram 


ACC,SUB 
RND,TC 


CLK P 


TSX 


TSL 


XTPoyT 
(P25-24) 


(P2312) 


LSPoyt 
(P44_9) 


Pin Assignments 


40 


Te a a a at 
S2R 


64 Lead DIP - J3 Package 
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TMC2009 Witt 


Functional Description 


General Information 


The TMC2009 consists of four functional sections: Input products plus a constant. The asynchronous multiplier array is 
registers, an asynchronous multiplier array, an adder, and a network of AND gates and adders, which has been designed 
Output registers. The input registers store the two 12-bit to handle two’s complement or unsigned magnitude numbers. 
operands which are to be multiplied, and the control lines The output registers hold the product as two 12-bit words 
which control the input numerical format (two's complement or © and one 3-bit word: the Most Significant Product (MSP), the 
unsigned magnitude), vulpul rounding, accumulation, and Least Significant Product (LSP), and the eXtended Pruduct 
Subtraction. The round control is used when a single-word (XTP]. Three-state output drivers permit the TMC2009 to be 
Output is desired. Each number is independently stored, used on a bus, or allow the outputs to be multiplexed over 
simplifying multiplication by a constant. The output registers the same 12-bit output lines. 


can be preloaded with a constant to provide the sum of 


Power 


The TMC2009 operates from a single +5 Volt supply. All 
power and ground lines must be connected. 


Data Inputs 


The TMC2009 has two 12-bit two's complement or unsigned clocked into the input registers at the rising edge of the 
magnitude data inputs, labeled X and Y. The Most Significant appropriate clock. The input and output formats for fractional Cz 


Bits (MSBs), X11 and Y44, carry the sign information for the two's complement notation, fractional unsigned magnitude 
two's complement notation. The remaining bits are denoted notation, integer two's complement notation, and integer 
XQ through Xg and Y7g through Yq {with Xq and Yq the unsigned magnitude notation are shown in Figures 1 through 4, 
Least Significant Bits). Data present at the X and Y inputs are respectively. 
J3 Package 
X14 X Data MSB Pin 58 
X49 Pin 59 
Xg Pin 60 
Xg Pin 61 
X7 Pin 62 
Xe Pin 63 
Xe Pin 64 
X4 Pin 1 
X3 Pin 2 
Xo Pin 3 
xy Pin 4 
Xy X Data LSB Pin 5 
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Data Inputs (Cont.) 


Data Outputs 


J3 Package 


Yn Y Data MSB Pin 43 
Vag Pin 44 
Yg Pin 45 
Yg Pin 46 
Y7 Pin 47 
Ye Pin 48 
Y5 Pin 50 
Y4 Pin 51 
Y3 Pin 52 
Y Pin 53 
Y, Pin 54 


Y Data LSB 


The TMC2009 has a 27-bit two’s complement or unsigned eXTended Product (XTP). The Most Significant Bit (MSB) of the 
magnitude result that is the sum of the products of the two XTP is the sign bit if two's complement notation is used. The 
input data values and the previous products which have been input and output formats for fractional two's complement 
accumulated. This output is divided into two 12-bit output notation, fractional unsigned magnitude notation, integer two's 
words, the Most Significant Product (MSP) and Least complement notation, and integer unsigned magnitude notation 
Significant Product (LSP), and one 3—bit output word, the are shown in Figures 1 through 4, respectively. 
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Name [Feo ie Hi Package 


Pog Product MSB Th Pin 40 
Pos | TTL Pin 39 
Pog TTL Pin 38 
Pog TTL Pin 37 
Poo TTL Pin 36 
Poy TTL Pin 35 
Pog TTL Pin 34 
Pig TTL Pin 33 
Pig TTL Pin 32 
Pay TIL Pin 31 
Pig | TTL Pin 30 
Pas iL Pin 29 
Pig TTL Pin 28 
Pig TTL Pin 27 
P19 TTL Pin 26 
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Data Outputs (Cont.) 


J3 Package 
P14 Pin 22 
Pig Pin 21 
Pg Pin 20 
Pp Pin 19 
Py Pin 18 
Pe Pin 17 
Ps Pin 15 
Py Pin 14 
Py Pin 13 
Po Pin 12 
Py Pin 11 
Pp Product LSB Pin 10 


Clocks 


The TMC2009 has three clock lines, one for each of the input are registered, with all four bits clocked in at the rising edge 
registers and one for the product register. Data present at the — of the logical OR of both CLK X and CLK Y. Special attention 
inputs of these registers are loaded into the registers at the to the clock signals is required if normally HIGH clock signals 
rising edge of the appropriate clock. The RouND {RND}, Two's are used. Problems with the loading of these four control 
Complement (TC), ACCumulate (ACC) and SUBtract (SUB) inputs — signals can be avoided by the use of normally LOW clocks. 


Clock Input Data X TTL 

Clock Input Data Y TIL 

Clock Product Register TTL 
Controls 


The TMC2009 has eight control lines. TSX, TSM, and TSL are Two's Complement (TC) controls how the device interprets data 
three-state enable lines for the XTP, the MSP, and the LSP, on the X and Y inputs. TC HIGH makes both inputs two's 
respectively. The output driver is in the high-impedance state complement inputs, while TC LOW makes both inputs unsigned 
when TSX, TSM, or TSL is HIGH, and enabled when the magnitude only inputs. 

appropriate control is LOW. 


J3 Package 


CLK X 
CLK Y 


When ACCumulate (ACC) is HIGH, the content of the output 
PRELoad (PREL) is an active-HIGH control which has several register is added to or subtracted from the next product 
effects when active (see Table 1). First, all output buffers are generated, and the result is stored back into the output 
forced into the high-impedance state. Second, when any or all registers at the next rising edge of CLK P. When ACC is LOW, 
of TSX, TSM, and TSL are also HIGH, external data present at multiplication without accumulation is performed, and the next 


the output pins will be preloaded into the corresponding product generated is stored into the output registers directly. 
section of the output register on the rising edge of CLK P. This operation is used for the first term in a summation to 
Normal data setup and hold times apply both to the logical eliminate the need for a separate “clear” operation. 


AND of PREL and the relevant three-state control (TSX, TSM, 
TSL), and to the data being preloaded. These setup and hold The SUBtract (SUB) contro! is used in conjunction with the 
times are with respect to the rising edge of CLK P. ACC control. When both the ACC and SUB controls are HIGH, 
the content of the output register is subtracted from the next 
RouND (RND)} controls the addition of a 1 to the MSB of the product generated and the difference is stored back into the 
LSP for rounding. When RND Is high, a 1 is added to the output register. Note that the previous output is subtracted 
MSB of the LSP for rounding the product in the MSP and from the product, not the product from the previous output. 
XTP (if appropriate) rather than truncating them. 
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Controls (Cont.) 


The RND, TC, ACC, and SUB inputs are registered, with all - —_—_is required if normally HIGH clock signals are used. Problems 
four bits clocked in at the rising edge of the logical OR of with the loading of these four control signals can be avoided 
both CLK X and CLK Y. Special attention to the clock signals by the use of normally LOW clocks. 


Function J3 Package 


XTP Three-State Control 

MSP Three—State Control 
LSP Three-State Control 
Preload Control 


TSX 
TSM 
TSL 


Pin 25 
Pin 9 


Round Control Bit 


TC Two's Complement Control Pin 42 


Accumulate Control Pin 6 


Subtract Control 


Preload Truth Table 1 


Register — Output pin Register —> Output pin Register — Qutput pin 


L L 

L L H Register > Output pin Register > Output pin Hi-Z 

L H L Register —> Output pin Hi-Z Register —> Output pin 
L H H Register nent pin Hi-Z Hi-Z 

H L L Hi-Z Register —> Output pin Register > Output pin 
H i H Hi-Z Register — Output pin Hi-Z 

H H L Hi-Z Hi-Z Register —> Output pin 
H H H Hi-Z Hi-Z Hi-Z 

L “ft L Hi-Z Hi-Z Hi-Z 

L L H Hi-Z Hi-Z Hi-Z Preload 

L H L Hi-Z Hi-Z Preload Hi-Z 

L H . H Hi-Z Hi-Z Preload Hi-Z Preload 

H L L Hi-Z Preload Hi-Z Hi-Z 

H sb H Hi-Z Preload Hi-Z Hi-Z Preload 

H H L - Hi-Z Preload Hi-Z Preload Hi-Z 

H H H Hi-Z Preload Hi-Z Preload Hi-Z Preload 


Notes: | 
1. PREL, TSX, TSM, and TSL are not registered. 


2. PREL Hi inhibits any change of output register for those outputs in which the three-state control is LOW. 
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Figure 1. Fractional Two's Complement Notation 


BINARY POINT 


SIGNAL 


DIGIT VALUE 


SIGNAL 
DIGIT VALUE 


SIGNAL 
DIGIT VALUE 


Figure 2. Fractional Unsigned Magnitude Notation 
BINARY POINT 


Figure 3. Integer Two's Complement Notation | 
| BINARY POINT Gu 


XTP MSP LSP 


Figure 4. Integer Unsigned Magnitude Notation 
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Absolute maximum ratings (beyond which the device will be damaged) ' 


SOUM PUD WON IMD ccecSiSs Sh cs Soe te soca sponta pate aaeatee ae meester a ncaa ng ST eee dasandnennaa : sits en aan eT ee ee? -0.5 to +7.0V 
PaVpoUst VW Cob ang 2h zet5 cde scant assaaschastnshgaceaanseaio vac aestuarii Rinses easels aud atbo as Bea ean RSV eee GaN -0.5 to Vpp +0.5V) 
Output 
Applied voltage ......esessessseeesensemanssetasiaseieattietenanentartnstietanennneeneneantantneseratsnieeatestanietesnstenetnsteaneetentnetnet -0.5 to Wop +0.5V)2 
POU CAUNM EINE a scntes eec asic caet ste eral gaia svete wana net neeeeattea nicer Sipe aa ener yeaa aera ease -1.0 to +6.0mA%4 
Short-circuit duration (single output in high state to ground) ............sssssscsccsseescssssseeesie a Tecate Ae te ate nantes 1 sec 
Temperature | 
| Operating, CASE mtieteall ott, Beat letiiacanatec seas svat oeaesee neta ehecbtecec i ae tates Reon dtc oak ale a teal cenit fast -60 to +130°C 
junction .......... Da rent siethcete: Steet SG ety tslce ieseSa caste eanes fe asdioainadadteiear asin ica tmipieaes iuiate lst eas Reo eai sles caiacted ia teaibsatiantases, 175°C 
Lead, soldering (10 SECOMAS) .ccsscesesneeseesee i peat laa lac ee snail eslecetinialuchooiweetinnatiiton eee 300°C 
BOLO F Sed cos iste ce svat dvtvecvaacahvvase a sbsassunss testes caehavkn ts saasudceat od taidons tase nnaaea e OARIRI ne da ates cahiedl Mneneionedbintiee Cuter -65 to +150°C 
Notes: 


Operating conditions 


_ Parameter 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


seperate Range 


nae a 


Viq Input Voltage, Logic HIGH a | 20 ff 


loL _ Qutput 


Iopy ‘Output Current, Logic HIGH 


ie ie ee ae ie ee 
Ty __Ambiont Temperature, Stil Ai — fo ft wm | ft 
ae: i 2 


Te Case Temperature 
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TMC2009 TWACLi 
7 AIX 
Electrical characteristics within specified operating conditions 
Temperature Range 
Parameter Test Conditions | Min | Max | | Min | Max Units 
lnpq Supply Current, Quiescent Vpp = MAX, Viy = OV mA 
TSL, TSM, TSX = 5.0V 
Inpy Supply Current, Unloaded | Vpp = MAX, F = 7.4MHz mA 
| TSL, TSM, TSX = 50V | 
Ino, Supply Current, Loaded |. 2 Vpp = MAX, F = 7.4MHz 170 mA 
TSL, TSM, TSX = OV 
Test Load: Vigan = Vpp MAX 
Mi input Current, Logic LOW Vpp = MAX, VY) = 0.0V eo | st | fs LA 
ly Input Current, Logic HIGH Vpp = MAX, Yj = Vp | -10 | +10 -10 +10 uA 
Vo, Output Voltage, Logic LOW Vop = MIN, ig, = MAX PT oot Pt 
Voy Output Voltage, Logic HIGH Vpp = MIN, Igy = MAX — aa eS aa 
loz, Hi-Z Output Leakage Current, Output LOW | Vpp = MAX, V; = 0.0V Pag +40 Sag +40 LA 
loz Hi-Z Output Leakage Current, Output HIGH | Vpp = MAX, Vj = Vpp | -40 | +40 | -40 | +40 uA 
lpg Short-Circuit Output Current Vpp = MAX, Output HIGH, one pin to ground, mA 
one second duration max 
C Input Capacitance Ty = 25°C, F = 1MHz Pr a pF 
Co Output Capacitance Ty = 26°C, F = 1MHz ee a a eS pF 
Notes 


1. Guaranteed to maximum clock rate, tested at 2MHZz. 
2. Worst case, all inputs and outputs toggling at maximum rate. 


Switching characteristics within specified operating conditions ' 


Temperature Range 
Standard 


Parameter Test Conditions 

tua  Multiply—-Accumulate Time Vop = MIN 

tp Output Delay Vop = MIN, Test Load: Vigan = 2.2V 
tena Three-State Output Enable Delay Vpp = MIN, Test Load: Vigan = 1.5V 


toils Three—State Output Disable Delay Vop = MIN, Test Load: Vio AD = 2.6V 


for toiso. 0.0V for tois12 


Notes: 
1. All transitions are measured at a 1.5V level except for tps and tex, which are shown in figure 9. 


2. tpis1 denotes the transition from logical 1 to three-state. 
tpisg denotes the transition from logical 0 to three-state. 
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Figure 5. Timing Diagram 
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Figure 7. Equivalent Output Circuit 


Figure 6. Equivalent Input Circuit 
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Application Notes 


Multiplication By A Constant 


Multiplication by a constant requires that the constant be 
loaded into the desired input register, and the register 
not be loaded again until a new constant is required. 
The multiply cycle then consists of loading new data into 
the remaining input register and strobing the output 
register. 


Selection of Numeric Format 


Essentially, the difference between integer, mixed and 
fractional notation in system design is only conceptual. 
For example, the TMC2009 does not differentiate 
between this operation: 


CxZe17 
and this operation: 
(6/8) x (2/8) = 12/64 


Ordering Information 
Product 
Number 


STD-Tpj=0°C to 70°C 
EXT-Tp = — 55°C to 125°C 


TMC2009J3C 
TMC2009J3V 


TMC2009C1V 


Commercial 64 Pin Hermetic Ceramic DIP 
MIL-STD-883 64 Pin Hermetic Ceramic DIP 


EXT—Te= —55°C to 125°C MIL-STD-883 64 Contact Hermetic Ceramic Chip Carrier 


“7 AXvy 


The difference lies only in constant scale factors (in this 
case, a factor of 8 in the multiplier and multiplicand and 
a factor of 64 in the product). However, these scale 
factors do have implications for hardware design. 
Because common good design practice assigns a fixed 
value to any given line (and input and output signals 
often snare ine same ine), the scale factors determin 
the connection of the output pins of any multiplier in a 
system. As a result, only two choices are normally made: 
integer and fractional notation. If integer notation is 
used, the Least Significant Bits of the multiplier, 
multiplicand, and product all have the same value. If 
fractional notation is used, the Most Significant Bits of 
the multiplier, multiplicand, and product all have the 
same value. These formats are illustrated in detail in 
Figures 1 through 4. 


Package 
Marking 


2009J3C 
2009J3V 


2009C1V 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 


such use and indemnifies TRW LS! Products Inc. against all damages. 
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TMC208K, TMC28KU 


CMOS Multiplier 
8x8 Bit, 45ns, 65ns 


The TMC208K and TMC28KU are high-speed 8 x 8 bit 
parallel multipliers which operate at a 45 or 65ns cycle 
tie (22.2 GF WO.SMHZ Murtipication rate). The multi- 
plicand and multiplier are both two's complement 
numbers in the TMC208K and unsigned magnitude 
numbers in the TMC28KU, yielding a full precision 16-bit 
product. 


Individually clocked input and output registers are 
provided to maximize system throughput and simplify bus 


interfacing. These registers are constructed using positive- 


edge-triggered D-type flip-flops. Built with TRW’s 
OMICRON-C™ CMOS process, the TMC208K and 
TMC28KU are pin and function compatible with the 
MPYO08H and MPYO8HU yet operate with greater 
speeds at much less power dissipation. 


Features 


© 45 or 65ns Multiply Time 


e 8x8 Bit Parallel Multiplication With 16-Bit Product 
Output 


e Three-State Outputs 

e Single +5V Power Supply 

e TTL Compatible 

e Available In A 40 Pin CERDIP Or Plastic DIP 


TMC208K 


e Pin Compatible With MPYO08H 
e Two's Complement Multiplication 


TMC28KU 


e Pin Compatible With MPYO8HU 
e Unsigned Magnitude Multiplication 


Applications 


e Array Processors 

e Video Processors 

Radar Signal Processors 

FFT Processors 

General Purpose Digital Signal Processors 
e Microcomputer/Minicomputer Accelerators 


Pin Assignments Pio 1! a Pay 
Py 2 | ) 39 P49 
Pp 3 | | 38 Pq3 
CLK P 4 ( i 37 P44 
TRIM 5 | 36 P45 (MSB) 
TRIL 6 | ) 35 Y7 (MSB) 
P7 Pal ] 34 Yg 
Pe BL 1 33 Ys 
Pa 9 | | 32 GND 
Py 10 ( | 31 Yq 
é 11 30 Vop 
2 12 29 Y3 
Py 13 28 Yo 
(LSB) Pp 14 | 27 Yy 
(LSB) Xp 15 | 26 Yp (LSB) 
X 16 | 25 RND 
Xp 17 24 CLK Y 
X3 18 | 23 CLK X 
Xq 19 | 22 Xz (MSB) 
X5 20 21 X¢ 


40 Pin CERDIP — B5 Package 
40 Pin Plastic DIP — N5 Package 


TRW LSI Products Inc. 
PO. Box 2472 
La Jolla, CA 92038 
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TMC208K, TMC28KU as pee 


TMC208K Functional Block Diagram 


MSPouT 
(P45_9) 


LSPoyT 
(P7_9) 


CLK P TRIL 


TMC28KU Functional Block Diagram 
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Functional Description 


General Information 


The TMC208K and TMC28KU have three functional sections: 
input registers, an asynchronous multiplier array and output 
registers. The input registers store the two 8—bit numbers 
which are to be multiplied and the instruction which controls 
output rounding. The rounding contro! is used when a 
single-word output is desired. Each input operand ts stored 
independently, simplifying multiplication by a constant. The 


Power 
Vop, GND 


Data Inputs 
X7-0.17-0 


Data Outputs 


P15-0 


The TMC208K and TMC28KU operate from a 
single +5 Volt supply. All power and ground 
lines must be connected. 


The TMC208K has two 8-bit two’s complement 
data inputs labeled X and Y. The TMC28KU has 
two 8-bit unsigned magnitude data inputs 
labeled X and Y. The Most Significant Bits 
(MSBs), X7 and Y7, carry the sign information 
for the two’s complement notation in the 
TMC208K. The remaining bits are Xg_g and 
Yg—g with Xg and Yg the LSBs. The input and 
Output formats for fractional and integer two's 
complement, and fractional and integer unsigned 
magnitude notations are shown in Figures 1 
through 4. 


The TMC208K has a 16-bit two's complement 
Output which is the product of the two input X 
and Y values. The TMC28KU has a 16-bit 
unsigned magnitude output which Is the product 
of the two input X and Y values. This output is 
divided into two 8-bit output words, the MSP 
and LSP. The MSB of both the MSP and the 
LSP is the sign bit in the TMC208K. The input 
and output formats for fractional and integer 
two's complement, and fractional and integer 
unsigned magnitude notations are shown in 
Figures 1 through 4. Note that since +1 cannot 
be exactly represented in fractional two's 
complement notation, some provision for 
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asynchronous multiplier array is a network of AND gates and 
adders designed to handle two's complement numbers in the 
TMC208K or unsigned magnitude numbers in the TMC28KU. 
The output registers hold the product as two 8-bit words, the 
Most Significant Product (MSP) and the Least Significant 
Product (LSP). Three-state output drivers allow the multipliers 
to be used on a bus, or allow the MSP and LSP to be 
multiplexed over the same 8-bit output lines. 


Signal Definitions 


Clocks 


handling the case (-1) x {-1) must be made. 
The TMC208K outputs a -1 in this case. As a 
result, external error handling provisions may be 
required. 


CLK X, CLK Y The TMC208K and TMC28KU have three clock 


CLK P 


Controls 
TRIM, TRIL 


RND 


lines, one for each input register (CLK X and 
CLK Y) and one for the product register (CLK P). 
Data present at the inputs of these registers are 
loaded into the registers on the rising edge of 
the appropriate clock. In the TMC208K, the RND 
input is registered and clocked in on the rising 
edge of the logical OR of both CLK X and CLK 
Y. Special attention to the clock signals is 
required if normally HIGH clock signals are used. 
Problems with loading this control signal can be 


avoided by the use of normally LOW clocks. In 


the TMC28KU, the RND input is registered and 
clocked in on the rising edge of CLK X. 


TRIM and TRIL are the three-state enable lines 
for the MSP and the LSP. The output driver is 
in the high-impedance state when TRIM or 
TRIL is HIGH, and enabled when LOW. TRIM 
and TRIL are not registered. 


When RND (Round) is HIGH, a one is added to 
the MSB of the LSP. A one will be added to 
the Pg bit in the 208K or to the P7 bit in the 
28KU. Note that rounding always occurs in the 
positive direction. In some applications this may 
introduce a systematic bias. The RND input is 
registered and used when a rounded 8-bit 
product is desired. 


53 


TMC208K, TMC28KU ee 717 


Package Interconnections 


Signal Signal a re 
Type Name B5, N5 Package 
Power | | 7 —_ ; Vp | Supply Voltage | 7 30 | 
ee 32 
Data Inputs | | By . X Input Word . 22-15 . 
| Y Input Word | 35-33, 31, 29-26 
Data Outputs Rep MSP Output — —_ 36-40, 1-3 
Clocks a cuKX X Register Clock | 23 
| CLK Y Y Register Clock | 24 
CLK P Product Register Clock 4 
Controls TRIM MSP Three-State 5 
| ns TRIL LSP Three-State 6 
a ee Be 2 


Figure 1. Fractional Two’s Complement Notation (TMC208K) 
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Figure 3. Fractional Unsigned Magnitude Notation (TMC28KU) 
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Figure 5. Timing Diagram 
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Figure 6. Equivalent Input Circuit Figure 7. Equivalent Output Circuit 
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Figure 8. Threshold Levels For Three—State Measurements 
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Application Discussion 


Multiplication By A Constant 


Multiplication by a constant requires that the constant be cycle then consists of loading new data and strobing the 
loaded into the desired input register and that the register not output register. 
be loaded again until a new constant is desired. The multiply 


Selection Of Numeric Format 


Essentially, the difference between integer, mixed and fractional 64 in the product). However, these scale factors do have 
notation in system design is only conceptual. For example, the = implications for hardware design. Because common design 


TMC208K and TMC28KU do not differentiate between this practice assigns a fixed value to any given line (and input and 
operation: Output signals often share the same line), the scale factors 
By? = 1 determine the connection of the output pins of any multiplier 
anon operation: in a system. As a result, only two choices are normally made: 
(6/8) x (2/8) = 12/64 integer or fractional notation. If integer notation is used, the 
. — As LSBs of the multiplier, multiplicand and product all have the 
The difference lies in constant scale factors in this case, a same value. If fractional notation is used, the MSBs of the 
factor of 8 in the multiplier and multiplicand and a factor of multiplier, multiplicand and product all have the same value. 
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DC characteristics within specified operating conditions | 


Temperature Range 
Standard Extended 


Parameter Test Conditions Units 


lnpo Supply Current, Quiescent Vpp = Max, Viy = OV 
lopu Supply Current, Unloaded Vpp = Max, TRIM, TRIL = 5V, f = 10MHz 


3 
> 


Rho 
-~" 


Vpp = Max, TRIM, TRIL = 5V, f = 22MHz mA 
UL input Current, Logic LOW Vpp = Max, Vin = 8V LA 
Wy Input Current, Logic HIGH Vpp = Max, Vin = Yop UA 
VoL Output Voltage, Logic LOW Vop = Min, Ig, = Max 


Vou Output Voltage, Logic HIGH Vpp = Min, Igy = Max ; 


loz Hi-Z Qutput Leakage Current, Qutput LOW | Vpn = Max, Viq = OV 
lO7H Hi-Z Output Leakage Current, Qutput HIGH | Vpp = Max, Vin = Von 


los Short- Circuit Output Current Vpp = Max, Output HIGH, one pin to 


ground, 


one second duration max. 


C Input Capacitance Ty = 25°C, f = IMHz 
Cy Output Capacitance Ty = 25°C, f = IMHz 


1. Actual test conditions may vary from those shown, but guarantee operation as specified. 


pF 
pF 


[owe] 


NO 
= 


= 
> 


AC characteristics within specified operating conditions 


Temperature Range 
Standard Extended 


Parameter Test Conditions 


tuipy Multiply Time Vpp = Min 
TMC208K, TMC28KU 
TMC208K-1, TMC28KU-1 


tpwe Clock Pulse Width, LOW Vpp = Min 
tpwH Clock Pulse Width, HIGH Vpp = Min 


ts Input Setup Time TMC208K, TMC28KU 25 
TMC208K- 1, TMC28KU-1 


tp Output Delay Vop = Min, Cigap = 40pF 
TMC208K, TMC28KU 
TMC208K-1, TMC28KU-1 


teNA Three-State Output Enable Delay ' Vop = Min, Cigap = 40pF 


TMC208K, TMC28KU 
TMC208K-1, TMC28KU-1 
tois Three-State Output Disable Delay ! Vop = Min, Cigap = 40pF 
TMC208K, TMC2BKU 
TMC208K - 1, TMC28KU-1 


NO 
an 


= 
oe 
s 
(72) 


ns 


ns 


Note: 1. All transitions are measured at a 1.5V level except for tpis and tena. 
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1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


Temperature Range 


_ Ambient Temperature, Still Air 


Suny Vlas ee 


pat Vota, Loe LOM eae a se 


Output Current, Logic LOW 


a es 
Qutput Current, Logic HIGH ae in 
eel Elizea. 2 
ae 


Case Temperature 
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| ' | ese HANI 
Absolute maximum ratings (beyond which the device may be damaged) |. 
Supply Voltage ss eben ad Seasses ia soos a SS oles arte INST Gote eta fach Dap ass ease eaed eget asus aces ates a cease ~0.5 to +7.0V 
MUMpBUMt MV PREM aac ela de teen eae are eee Tia ela reac nena -0.5 to (Vpp + 0.5)V 
Output : | | 
Applied voltage 2 sssssssssssssssssssssssssussisesssine seasnel orceia eres riesuadcss idea eccvices ec etoa ue artes sans aces -0.5 to Wop + 0.5)V 
Forced current 4 o AiunataRoae ee Eee ey Nee rae Cryer eee et ndbideisioins intended tebe -1.0 to 6.0mA 
Short-circuit duration (single output in HIGH State 10 POU) ais. cthasssctetctctecldlose si oncatere asdhsGcaneadactiaidetnauteoanoateacn esas sessairtaetcupie 1 sec 
Temperature | . 
| Operating, CASE .cccscssessessseesceeeee cestaassntione SiAalsclelaot thea tae RA aes ie acetatiacataacatiads ee Betta dete cra -60 to +130°C 
| EDI CENID sss sc3scuseesesceetsdecasuadasetatyartescacessoeeaa ts seu Sadat colawavS6p vada n hc dta beles tas gos lies eck eset ettaneeabeaeasinees itt adhesnastansbonanciealatuinancates: 175°C 
fiseacl som tring UD “SSC NS) pc chance eaten Tae eaten a cere Stach Ma Lesa tae othe datstec aca nesta 300°C 
SHDN ep sss sexi eczs savas asus tav esta heaaadas ata veedcceinoede cabo banddercansteincectnseageaoasesane ct vasuldasges tos seein findaesisated auatheatea ae ae -65 to +150°C 
Notes: 


Units 


TMC208K, TMC28KU arty 


Ordering Information 


Product 
Number 


Package 
Marking 


TMC208KB5C STD—Tpn =0°C to 70°C Commercial 40 Pin CERDIP 208KB5C 
TMC208KB5C1 STD—T,j=0°C to 70°C Commercial 40 Pin CERDIP 208KB5C1 
TMC208KB5V EXT—Te= —55°C to 125°C MIL-STD-883 40 Pin CERDIP 208KB5V 
TMC208KB5V1 EXT—Te= —55°C to 125°C MIL-STD-883 40 Pin CERDIP 208KB5V1 


TMC208KN5C 
TMC208KN5C1 


STD-Ty =0°C to 70°C 
STD-T, =0°C to 70°C 


40 Pin Plastic DIP 
40 Pin Plastic DIP 


208KN5C 
208KN5C1 


Commercial 
Commercial 


TMC28KUB5C STD—Tpn =0°C to 70°C Commercial 40 Pin CERDIP 28KUB5C 
TMC28KUB5C1 STD—T,=0°C to 70°C Commercial 40 Pin CERDIP 28KUB5C1 
TMC28KUB5V EXT—Te=—55°C to 125°C MIL-STD-833 40 Pin CERDIP 28KUB5V 
TMC28KUB5V1 EXT—Tp = —55°C to 125°C MIL-STD-883 40 Pin CERDIP 28KUB5V1 
TMC28KUN5C STD—-T,=0°C to 70°C Commercial 40 Pin Plastic DIP 28KUN5C 
TMC28KUN5C1 STD—Tpn=0°C to 70°C Commercial 40 Pin Plastic DIP 28KUN5C1 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LS! Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC216H 


CMOS Multiplier Features 

16x16 Bit, 145ns e Fully TTL Compatible 

e 145ns Multiply Time (Worst Case} 
e Low Power CMOS Technology 


* Single +5Y Power Sucoly 


The TRW TMC216H Is a high-speed 16 x 16 bit parallel 
multiplier which operates at a 145ns cycle time (6.9MHz 
multiccation rate). The multiplicand and ihe muitipier 


may be independently specified as two's complement or =e Pin And Function Compatible With TRW MPYO16H 


Hort magnitude, yielding a full precision 32-bit © Qutput Registers Can Be Made Transparent 
panes e Three-State Outputs 

Individually clocked input and output registers are ¢ Iwo's Complement, Unsigned Magnitude, Or Mixed 
provided to maximize system throughput and simplify bus Mode Multiplication 

interfacing. These registers are positive-edge-triggered e Available In 64 Pin Hermetic Ceramic DIP 


D-type flip-flops. The Least Significant Product (LSP] 
shares a bidirectional port with the Y input. All outputs | Applications 
are three-state. 

e Array Processors 
Built with TRW’s state of the art 2-micron CMOS e Video Processors 
process, the TMC216H Is pin and function compatible e Radar Signal Processors 
with the industry standard MPYO16H and operates with ~—e ‘FFT Processors 
the same speed at approximately one-fifth the power 


re. e _ 
dissipation. General Purpose Digital Signal Processors 


e Microcomputer/Minicomputer Accelerators 


Functional Block Diagram 


CLK M TRIM 


VJ 
MSP 

a >7 OUT 

e oS fad (P31.16) 


Yin/LSPqyy 
(Y45.0/P 45.0) 


TCY 


RS FT CLK L TRIL 
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Functional Block Diagram 
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Pin Assignments 
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—-Pq5Y45 24 f 


=< 
on on Ff WH = 


Pig 25 | 
P47 26 £ 
Pyg 27! 
Pig 28 | 
Pop 29 5 
Po_ 30 | 
Po9 31 | 
P93 32 | 


64 Lead DIP - J3 Package 
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Functional Description 


General Information 


The TMC216H has three functional sections: Input registers, an designed to handle two's complement or unsigned magnitude 


asynchronous multiplier array, and output registers. The input numbers. The output registers hold the product as two 16-bit 
registers store the two 16-bit numbers which are to be words, the Most Significant Product (MSP) and the Least 
multiplied and the instruction which controls the output Significant Product (LSP). Three-state output drivers allow the 
rounding. The rounding control is used when a single-word TMC216H to be used on a bus, or allow the Y input, least and 
output is desired. Each input operand is stored independently, most significant outputs to be multiplexed over the same 
simplifying multiplication by a constant. The asynchronous 16-bit input/output lines. The Least Significant Product (LSP) is 
multiplier array is a network of AND gates and adders, multiplexed with the Y input. 

Power 

The TMC216H operates from a single +5 Volt supply. All device is pin and function compatible with the MPYO16H. 


power and ground lines must be connected. Note that the | 
Positive Supply Voltage +5,0V 
Ground 0.0V 


The TMC216H has two 16-bit two’s complement or unsigned fractional two’s complement, fractional unsigned magnitude, 
magnitude data inputs, labeled X and Y. The Most Significant fractional mixed mode, integer two's complement, integer 
Bits (MSBs), denoted X45 and Y75, carry the sign information unsigned magnitude, and integer mixed mode notation are 


J3 Package 


Pins 48, 49 
Pins 45, 46, 47 


Data Inputs 


for the two's complement notation. The remaining bits are shown in Figures 1 through 6, respectively. The Y inputs are 

denoted Xg through X14 and Yg through Y74 (with Xg and Yg —s multiplexed with the LSP outputs, and hence can only be used Gu 

the Least Significant Bits). The input and output formats for when the TRIL control is in a HIGH state. 

J3 Package 

X45 X Data MSB | Pin 54 
X14 Pin 55 
X19 Pin 56 
X19 Pin 57 
X11 Pin 58 
X19 Pin 59 
Xg Pin 60 
Xg Pin 61 
X7 Pin 62 
Xp Pin 63 
X5 Pin 64 
X4 Pin 1 
X3 Pin 2 
X9 Pin 3 
Xy Pin 4 
Xo X Data LSB Pin 5 
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Data Inputs (Cont.) 


Y45 --Y Data MSB Pin 24 
Yu Pin 23 
Y49. Pin 22 
Y49 Pin 21 
Np Pin 19. 
Ng Pin. 18 
Y Pin 17 
Y Pin 16 
Yp Pin 15 
Ys Pin 14 
Y4 Pin 13 
Y3 Pin 12 
Y Pin 11 
Yy | . | : | Pin 10 
Yo | - Y Data LSB Pa : Pin 9 
Data Outputs 
The TMC216H has a 32-bit two’s complement or unsigned The LSP output can be taken from the Y input pins only when 
magnitude output which is the product of the two input data TRIL is LOW. Care must be taken to enable these shared input 
values. This output is divided into two 16-bit output words, lines only at the proper time. For an output from the MSP 
the Most Significant Product (MSP) and Least Significant lines to be read, the TRIM control must be LOW. | 
Product (LSP). The Most Significant Bit (MSB) of both the MSP = 
and the LSP is the sign bit if fractional two's complement = —RS_ Is an output format control. A HIGH on RS deletes the 
notation is used (TCX=TCY=1, RS=0). The input and output _sign bit from the LSP and shifts the MSP down one bit. This 
formats for fractional two's complement, fractional unsigned — is mandatory for unsigned magnitude, mixed mode, or integer 
magnitude, fractional mixed mode, integer two's complement, two's complement operation. 


integer unsigned magnitude, and integer mixed mode notation 
are shown in Figures 1 through 6, respectively. 


pFimetion | 8 Package 


Product MSB 
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Data Outputs (Cont.) 


J3 Package 
Pap Pin 24 
P14 Pin 23 
Pig Pin 22 
Pao Pin 21 
Pi Pin 20 
Pin Pin 19 
Pg Pin 18 
Pp Pin 17 
Py Pin 16 
Pe Pin 15 
Pe Pin 14 
Py Pin 13 
Ps Pin 12 
Po Pin 11 
Py Pin 10 
Pp Product LSB Pin 9 


Clocks 


The TMC216H has four clock lines, one for each input register of the logical OR of both CLK X and CLK Y. Special attention 
and one for each product register. Data and two's complement — to the clock signals is required if normally HIGH clock signals 
instructions present at the inputs of these registers are loaded are used. Problems with loading this control signal can be 


into the registers at the rising edge of the appropriate clock. avoided by the use of normally LOW clocks. 
The RND input is registered and clocked in at the rising edge 
| Function | Ce J3 Package (= 
Clock Input Data X TTL Pin 53 
Clock Input Data Y TTL Pin 8 
Clock LSP Register TTL Pin 7 
Clock MSP Register TTL Pin 41 ; 
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Controls 


The TMC216H has seven control lines: 


FT 


TRIM, TRIL 


RS 


RND 


66 


Feedthrough. A control line which makes the 
output register transparent if it is HIGH. 


Three-state enable lines for the MSP and the 
LSP. The output driver is in the high-impedance 
state when TRIM or TRIL is HIGH, and enabled 
when the appropriate control is LOW. 


Register Shift. RS is an output format control. A 
HIGH level on RS deletes the sign bit from the 
LSP and shifts the MSP down one bit. This is 
mandatory for unsigned magnitude, mixed mode, 
and two’s complement integer operations. 


Round. When RND is HIGH, a one Is added to 
the MSB of the LSP. Note that this bit depends 
on the state of the RS control. If RS is LOW 
when RND is HIGH, a one will be added to the 
2-16 bit (Pyq). If RS is HIGH when RND is 
HIGH, a one will be added to the 2~!° bit 


TCX, TCY 


(P75). In either case, the LSP output will reflect 
this addition when RND is HIGH. Note also that 
rounding always occurs in the positive direction; 
in some systems this may introduce a 
systematic bias. 


Control how the device interprets data on the X 
and Y inputs. A HIGH on TCX or TCY forces 
the TMC216H to consider the appropriate input 
as a two's complement number, while a LOW 
forces the TMC216H to consider the appropriate 
input as a magnitude only number. 


FT, RS, TRIM, and TRIL are not registered. The TCX input is 
registered, and clocked in at the rising edge of the X clock 
signal, CLK X. The TCY input is also registered, and clocked in 
at the rising edge of the Y clock signal, CLK Y. The RND input 
is registered, and clocked in at the rising edge of the logical 
OR of both CLK X and CLK Y. Special attention to the clock 
signals is required if normally HIGH clock signals are used. 
Problems with loading these control signals can be avoided by 
the use of normally LOW clocks. 


Name [Fimction TCS 3 Package 
RND Round Control Bit TTL Pin 52 
TCX X Input Two's Complement = Pin 51 
TCY Y Input Two's Complement Pin 50 
FT Output Register Feedthrough Pin 44 
RS Output Register Shift Pin 43 
TRIM MSP Three-State Control Pin 42 
TRIL LSP Three-State Control i Pin 6 
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Figure 1. Fractional Two's Complement Notation 
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Figure 2. Fractional Unsigned Magnitude Notation 
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Figure 3. Fractional Mixed Notation 
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Figure 4. Integer Two's Complement Notation 
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Figure 5. Integer Unsigned Magnitude Notation 
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Figure 6. Integer Mixed Mode Notation 
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Figure 7. Timing Diagram, Clocked Mode 
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Figure 8. Timing Diagram, Unclocked Mode 
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Figure 9. Equivalent Input Circuit | Figure 10. Equivalent Output Circuit 
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Absolute maximum ratings (beyond which the device may be damaged) ! 


SUN ON: WOON ceca ceaatinc teeta sts Nae tutes ee eines tote ecac erate apee teeters eteartaea nest aaa fg aang pani mento eiatomoaIDTnaN -0.5 to +7.0V 
UiaemaNe: WGN cca Seiriosasesie ae ccaeeceecela des acest sete isco cee eaters eee tees tata cates crete choad cance bn esacrnacencnr nent oak amereie Re -0.5 to Wpp +0.5V) 
Output 
Ap pned) Volta a. 3 Golescu as ctunteandendaas Saas er Saeed ts ea hdceeh eh atane eanea ee enatee -0.5 to Vpp +0.5V)2 
FOr CEL CLIC chen testa each ct cara at cat cin laa Sg ote ct ech cata alas atts cnd oeeaanekineacdt -1.0 to +6.0mA%4 
Short-circuit duration (single output in high state to Ground) .............sssssssssccssssseccssssssssssecssesssessssssseesecsusseseseesneessesesstunsescenssnieessssssessssssaseessssnsess 1 sec 
Temperature 
GIF eat Nhe CRS asses erst causes czaesavesa anus bu nape esa ota tcaepcnncassas eace casio cactus eas od eon aH UR meee poeta? -60 to +130°C 
CITE EVCOID ccs ss GA ede ccpssese Svat enedna sash tous nen vacsnkotes tt cat coed cceecesu redtube eaneeeaaN ag anneal on aarORT CN ama NTN tira oar ahaa oantatia 176°C 
leah Selcerireg: 110! SOCOM). eich 5 arectsrc diese pecsseasaczeantcodeceeniosnnsten i ovsvavedancisd aateatenie eavtdaui itera anata iti anurans adie exenapaenaiate 300°C 
SECA. cs atesssrhs casas nce asses vcacvveeyastckaveteivesu vei eteh cps aaakes pce ton ccc a cecmeeeatt pe antenna nhs ee ta tla select en ateeite -65 to +150°C 
Notes: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
Forcing voltage must be limited to specified range. 
4 Current is specified as conventional current flowing into the device. 


Operating conditions 


Temperature Range 


ee 


Vop Supply Voltage 


tpy, Clock Pulse Width, LOW 


loy Output Current, Logic HIGH el en en a eee ee) -20 mA 


Ty Ambient Temperature, Still Air ro. hw : 7 
Te Case Temperature a a cae beee : 
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Electrical characteristics within specified operating conditions 


Temperature Range 
Standard Extended 


Parameter Test Conditions | Min | Max | | Min | Max Units 
Ippo Supply Current, Quiescent Vpop = MAX, Vi = OV ; mA 
; TRIM, TRIL = 5.0V 
Inpny Supply Current, Unloaded ! Vpp = MAX, F = 6.8MHz 70 70 mA 
TRIM, TRIL = 5.0V . . 
lppL Supply Current, Loaded ', 2 Vpp = MAX, F = 6.8MHz 180 | mA 
TRIM, TRIL = OV 
Test Load: VEOAD = Vpp MAX 
ly Input Current, Logic LOW | Vpp = MAX, Vy = 04V | 
Xin, Controls, Clocks +10 -10 +10 uA 
+40 | -40 | +40 uA 
NH Input Current, Logic HIGH Vpp = MAX, Vv) = 2.4V 
Xin, Controls, Clocks +10 +10 UA 
|, Input Current, Max Input Voltage Vpp = MAX, Vy = Vpp fs ee a eee | uA 
Vo_ Output Voltage, Logic LOW Vpp = MIN, Ig, = MAX Rm oe 
Voy Output Voltage, Logic HIGH Vop = MIN, Igy = MAX ee ee eee V 
loz. Hi-Z Output Leakage Current, Output LOW | Vpn = MAX, V; = 0.4V | a0 | +40 | 40] a0 | uA 
lozH Hi-Z Output Leakage Current, Output HIGH] Vpp = MAX, V) = 24V | -40 | +40 | -40 | +40 uA 
Ions Short-Circuit Output Current Vpp = MAX, Output HIGH, one pin to ground, mA 
one second duration max 
C Input Capacitance Ty = 25°C, F = 1MHz ae ae pF 
Co — Output Capacitance Ty = 25°C, F = 1MHz | ee ee ee pF 
Notes: . 
1. Guaranteed to maximum clock rate, tested at 2MHZz. 
2. Worst case, all inputs and outputs toggling at maximum rate. 
Switching characteristics within specified operating conditions ' 
: Temperature Range 
Standard Extended | 
Parameter Test Conditions | | Min | Max | Min | Max Units 
tc Multiply Time, Clocked Vpp = MIN Pf owe fT 5 ns 
tmuc Multiply Time, Unclocked | Vop = MIN, Test Load: Vigap = 2.2V pf BBY] HO ns 
tp Output Delay Vop = MIN, Test Load: Vigan = 22V Pf we ff ns 
tena  ‘Three-State Qutput Enable Delay Vpp = MIN, Test Load: Vigap = 1.9V Pf ff ns 
toig -‘Three-State Qutput Disable Delay Vop = MIN, Test Load: Vio AD = 2 6V 40 ns 
for tpjsq, 0.0V for tois12 


Notes: 
1, All transitions are measured at a 1.0V level except for tpjg and teya, which are shown in figure 12. 


2. tpig1 denotes the transition from logical 1 to three-state. 
tpisg denotes the transition from logical 0 to three-state. 
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Application Notes 


Mixed Mode Multiplication 


There are several applications in which mixed mode two's complement notation (which requires an additional bit), or 
multiplication may be advantageous. For example, inputs to a the multiplier must be capable of mixed mode operation. The 
digital signal processor are often generated as unsigned TMC216H provides this capability by independently specifying 
magnitude numbers (e.g., data from an analog -to—digital the mode of the multiplicand (X) and the multiplier (Y) on the 


converter). These numbers are effectively all positive values. In TCX and TCY pins. No additional circuitry is required and the 
contrast, filter coefficients musi often be negative. As a result, resulting product is in twos complement notation. 
either the unsigned magnitude data must be converted to 


Multiplication by a Constant 


Multiplication by a constant only requires that the constant be The multiply cycle then consists simply of loading new data 
loaded into the desired input register, and that the selected and strobing the output register. 
register not be loaded again until a new constant I's desired. 


Selection of Numeric Format 


Essentially, the difference between integer, mixed, and implications for hardware design. Because common design 
fractional notation in system design is only conceptual. For practice assigns a fixed value to any given line (and input and 
example, the TMC216H does not differentiate between this output signals often share the same line), the scale factors 
operation: determine the connection of the output pins of any multiplier 
BX2=12 in a system. As a result, only two choices are normally made: 
integer and fractional notation. If integer notation is used, the 


eehW snp petatOn (6/8) X (2/8) = 12/64. Least Significant Bits of the multiplier, multiplicand, and 


. —— product all have the same value. !f fractional notation is used, 
The difference lies only in constant scale factors (in this case, the Most Significant Bits of the multiplier, multiplicand, and 
a factor of 8 in the multiplier and multiplicand and a factor of product all have the same value. These formats are illustrated 
64 in the product). However, these scale factors do have in detail in Figures 1 through 6. 


Register Shift (RS) Control 


In two's complement notation, the acceptable range of values The TMC216H has a Register Shift (RS) control that permits 


for a given word size is not the same for positive and shifting of the result to provide a correct answer for every 
negative numbers. The largest negative number is one LSB two's complement multiplication. When RS is active, the value 
larger than the largest positive number. This is true for either of all bits in the MSP is doubled (i.e. shifted left one position), 
fractional or integer notation. A problem can arise when the which provides the capability to represent the largest possible 
largest representable negative number is multiplied by itself. product. The MSB of the Least Significant Product is changed 
This should give a positive number of the same magnitude. from a duplicate of the sign bit to the necessary bit to fill in 
However, the largest representable positive number is one LSB ‘the output word. The effects of this control are illustrated in 
less than this value. As a result, this product cannot be Figures 1 and 4. Note that for unsigned magnitude operation, 
correctly represented without using one additional output bit. the RS control must be HIGH. 


Output Register Transparent Mode 


If the FT input is HIGH, the output register is made transparent mode is rarely used as it is much slower than the 
transparent: i.e., the product will appear at the output drivers registered mode. It is essentially a special-purpose mode of 
as it IS generated internally. The clock for the product register © operation. 

(CLK P) is not required in this mode of operation. The 
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STD-T,=0°C to 70°C Commercial _ 64 Pin Hermetic Ceramic DIP 
EXT—Te= —55°C to 125°C High Reliability 64 Pin Hermetic Ceramic DIP 


Ordering Information 


Product 
Number 


TMC216HJ3C 
TMC216HJ3A 


Package 
Marking © 


216HJ3C © 
216HJ3A 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components | in life Hope applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against al! damages. 
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CMOS Multiplier-Accumulator 
8x8 Bit, 40ns 


The TMC2208 is a high-speed 8 x 8 bit parallel 
multiplier-accumulator which operates at a 40ns cycle 
time (25MHz multiply-accumulate rate). The input data 
may be specified as two's complement or unsigned 
magnitude, yielding a full-precision 16-bit product. 
Products may be accumulated to a 19-bit result. 


Individually clocked input and output registers are used 
to provide maximum system throughput and simplify bus 
interfacing. These registers are positive-edge-triggered 
D-type flip-flops. The result is divided into a 3-bit 
eXTended Product (XTP), an 8-bit Most Significant 
Product (MSP], and an 8-bit Least Significant Product 
(LSP). Individual three-state output ports are provided for 
the XTP, MSP, and LSP. The output register can be 
preloaded directly via the output ports. 


The TMC2208 is pin and function compatible with 
the TDC1008 in the 48 pin DIP. Built with TRW’s 
OMICRON-C™ one micron CMOS process, power con- 
sumption Is greatly reduced. 


Features 


e Function Compatible With The TDC1008 (Pin 
Compatible In 48 Pin Dip Package] 


A0ns Multiply-Accumulate Time (Worst Case 
Commercial) 


8 x 8 Parallel Multiplication With Accumulation To 
19-Bit Result 


Selectable Accumulation, Subtraction, Rounding, And 
Accumulator Preload 


All Inputs And Outputs Are Registered And TTL 
Compatible 


Three-State Outputs 

Two's Complement Or Unsigned Magnitude Operation 
Single +5V Power Supply 

Low Power CMOS Construction 


Available In 48 Pin Ceramic Or Plastic DIP And 
PLCC 


Applications 


Array Processors 

Video Processors 

Radar Signal Processors 

FFT Processors 

General Purpose Digital Signal Processors 
Micro/Mini-Computer 


Functional Block Diagram 


ACC, SUB 
RND, TC 


PREL TSX 


CLK P TSL 75 
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PO. Box 2472 
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Pin Assignments 


'} 57 TSL 
N51 GND 
|} 50 Pr 

r] 47 PREL 
746 CLK P 


(}58 NC 
1156 Po 
1} 55 Py 
1} 54 Py» 
[] 53 P3 
1} 52 Py 
1] 49 Pg 
48 Py 
‘145 NC 
‘144 NC 


oO © 
z= 
> 
wo Ww 
on 5 om 


Nc 610) 43 NC 
GND 620 42 NC 
sup 630 41 GND 
Acc 64( 40 TSM 
RND 65C ] 39 Pp 
Xp 66 C 1 38 Pg 
X, 670 37 Pag 
Xo 68U 36 Pay 
X3 1U 35 P12 
Xq 20 Wo Py3 
Xs 3 | 33 Py 
X5 4U 32 P45 
X7 5U 31 Pag 
cLKX 6C 30 Py 
CLKY 70 29 Pip 
Nc 8f 28 NC 
NC 9 27 NC 
222 Src Sor are ce gegs 
> m © 
48 Pin Hermetic Ceramic DIP — J4 Package ~ 68 Leaded Plastic Chip Carrier — R1 Package — 
48 Pin Ceramic DIP — N4 Package | | 
Functional Description | Signal Definitions 
General Information | Power 
The TMC2208 consists of four functional sections: input VDD, GND The TMC2208 operates from a single +5V 
registers, an asynchronous multiplier array, an adder and supply. All power and ground lines must be 
output registers. The input registers store the two 8-bit connected. 
numbers which are to be multiplied, and the control lines 
which control the input numerical format (two's comple- Data Inputs 
ment or unsigned magnitude}, output rounding, accumu- . 
lation, and subtraction. The round control is used when a X7-0 The 8-bit two's complement or unsigned 


magnitude X data input. X7 is the MSB 
and contains the sign information for two's 
complement notation. The data on the X 
input is clocked into the input register on 
the rising edge of CLK X. 


single-word output is desired. Each input is independently 
stored, simplifying multiplication by a constant. The out- 

put registers can be preloaded with a constant to provide 
the sum of products plus a constant. The asynchronous 
multiplier array is a network of AND gates and adders, 
which has been designed to handle two's complement or y 
unsigned magnitude numbers.: The output registers hold 7-0 
the product as two 8-bit words and one 3-bit word: the 
Most Significant Product (MSP), the Least Significant 

Product (LSP) and the eXTended Product (XTP}. Three- 

state output drivers permit the TMC2208 to be used on 

a bus, or allow the outputs to be multiplexed over the 

same 8-bit output lines. 


The 8-bit two's complement or unsigned 
magnitude Y data input. Y7 is the MSB 
and contains the sign information for two's 
complement notation. The data on the Y 
input is clocked into the input register on 
the rising edge of CLK Y. 
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Data Outputs 


P1g8-0 


Clocks 


CLK X, 
CLK Y 


CLK P 


Controls 


TSX, 
TSM, TSL 


PREL 


P7g-g 's the accumulated product result for 
the TMC2208. The 19-bit output is either 
the two's complement or unsigned magni- 
tude result of the accumulated products. 
The output is divided into two 8-bit output 
words (MSP, LSP) and one 3-bit output 
word (XTP}. P49 is the MSB and contains 


the sian information for two's complement 
notation. Formats for two's complement, 
fractional unsigned magnitude, integer two's 
complement and integer unsigned notation 


are shown in Figures 1 through 4. RND 


The rising edge of CLK X (CLK Y} loads the 

data lines into the appropriate input regis- 

ter. The RouND (RND}, Two's Complement 

(TC), ACCumulate (ACC), and SUBtract 

(SUB) control inputs are registered and TC 
loaded on the logical OR of both CLK X 

and CLK Y. Special attention to the clock 

signals is required if normally HIGH clock 

signals are used. Problems can be avoided 

by the use of normally LOW clocks. 


CLK P is used to clock the accumulated ACC 
product sum into the output register. If 

ACC is HIGH, the content of the output 

register is added to the next product 

generated and loaded into the output 

register. CLK P ts also used to preload the 

output register from the output pins (see 

Table 1). 


TSX is the three-state control for the 

3-bit XTP output drivers. TSM and TSL are 

the three-state controls for the MSP and SUB 
LSP outputs respectively. The outputs are in 

the high-impedance state when the control 

is HIGH, and enabled when the control Is 

LOW. 


PRELoad is the active-HIGH control used to 


directly load the output register (see Table 
7). When PREL is HIGH, all outout buffers 
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are forced into the high-impedance state. 
Second, when any or all the the TSX, TSM 
and ISL controls is also HIGH, external 
data present at the output pins will be 
preloaded into the corresponding section of 
the output register on the rising edge of 
CLK P. Normal data setup and hold times 


apply both te the logical AND of PREL ana 


the relevant three-state control (TSX, TSM, 
TSL}, and to the data being preloaded. 


The RouND input is used to control the 
rounding of results. When RND is HIGH, a 
1 is added to the Most Significant Bit 
(MSB) of the LSP for rounding the product 
in the MSP and XTP rather than truncating 
it. This control is used to improve accuracy 
when the LSP will not be used. 


The Two's Complement input is used to 
control how the TMC2208 interprets the 
data on the X and Y inputs. TC HIGH 
makes both inputs twos complement, while 
TC LOW makes both inputs unsigned 
magnitude numbers. 


When ACCumulate is HIGH, the content of Gu 


the output register is added or subtracted 
from the next product generated, and their 
sum stored back into the output register on 
the next rising edge of CLK P. When ACC 
is LOW, multiplication without accumulation 
is performed, and the next product gen- 
erated is stored into the output registers 
directly. This operation is used for the first 
term in a Summation to avoid a separate 
‘clear’ operation. 


SUBtract is used in conjunction with the 
ACC control. When both the ACC and SUB 
controls are HIGH, the content of the out- 
put register is subtracted from the next 
product generated and the difference is 
stored back into the output register. Note 
that the previous output is subtracted from 
the product, not the product from the 
previous output. 
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Package Interconnections - 


Signal 
— Type 
| Power 


Data Input 
Data Outputs 
Clock 


Control 


No Connect 


Preload Truth Table 


Signal 
~ Name 


Vpp Supply Voltage 3/7 
END 
29, 28, 27, 26, 25, 24, 23, 22 


X79 X Input Data 


Y7-9 Y Input Data 40, 39, 38, 36, 35, 34, 33, 32 


Product Output Data 43, 44, 45, 46, 47, 48, 1, 2, 3, 


4,5, 9, 10, 11, 13, 14, 15, 16, 17 


P1g-0 


CLK X 
CLK Y 
TSX 
[ts [_MSP Three-State Control [6 
[st | 1S? Three-State Control [18S 
pret | Preloed Output Resister [8 
[te | Two's Complement Contr) [#1 
sue | sutras onto 


R1 Package Pins 
8 
24, 41, 51, 62 

5, 4, 3, 2, 1, 68, 67, 66 

21, 20, 19, 17, 16, 15, 14, 13 
29, 30, 31, 32, 33, 34, 35, 36 


37, 38, 39, 48, 49, 50, 52, 53, 
54, 55, 56 


8, 9, 10, 11, 12, 25, 26, 27, 28, 
28, 42, 43, 44, 45, 58, 59, 60, 61 


TSL 
1 oi L Register — Output Pin 
L Lo H Register — Output Pin 
L H L Register — Output Pin 
cL H H Register — Output Pin 
H L L Hi-Z 
H L H Hi-Z 
H H L Hi-Z 
L H H H Hi-Z 
H 2 L L L Hi-Z 
H 2 L L H Hi-Z 
H 2 L H L Hi-Z 
H 2 L H H Hi-Z 
H 2 4H L L Hi-Z Preload 
He 4H L H Hi-Z Preload 
H 2 H H L Hi-Z Preload 
H 2 H H H Hi-Z Preload 
Notes: 1. PREL, TSX, TSM and TSL are not registered. 


Register — Output Pin ~ 
~ Register Output Pin 


Hi-Z 

Hi-Z 
Register — Output Pin 
Register — Output Pin 
Hi-Z 

Hi-Z 

Hi-Z 

Hi-Z 

Hi-Z Preload 

Hi-Z Preload 

Hi-Z 

Hi-Z 

Hi-Z Preload 

Hi-Z Preload 


2. PREL Hi inhibits any change of output register for those outputs in which the three-state control is LOW. 


LSP 


Register — Output Pin 
Hi-Z 
Register — Output Pin 
Hi-Z 

Register — Output Pin 
Hi-Z 
Register — Output Pin 
Hi-Z 

Hi-Z 

Hi-Z Preload 


~ Hi-Z 


Hi-Z Preload 
Hi-Z 
Hi-Z Preload 
Hi-Z 


Hi-Z Preload 
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Figure 1. Fractional Two's Complement Notation 


BINARY POINT 


Figure 2. Fractional Unsigned Magnitude Notation 


BINARY POINT 


Figure 3. Integer Two's Complement Notation 


BINARY POINT 


os 
a7 28 | 25 | 24 | 23 | 22 | at | 20 | DIGIT VALUE 


P10] P| oo] Ps [Pre] Pra] Pra| Pro] Po] Pa | Po Pr | P| Ps | Pe [Pa Pe | | Fo Sica 
28] 207 | 06 | 08 je] ota | te] om [ato] 8 | a8 a | a8 | 8 | 28] 2 | 24 | 28 | ova vate 


xTP MSP LSP 


Figure 4. Integer Unsigned Magnitude Notation 


BINARY POINT 
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Absolute maximum ratings (beyond which the device may be damaged) ! 


TT CL aa C1) LC: eae nO eae TRO Erte er eee arene eer eee —0.5 to +7.0V 
JanppUt- WOU ea gsi atc cece caescven Sec acceeacara treet i a treet daca asada sageetaata ig Noes —0.5 to (Vpp+0.5)V 
Output 
Applied voltage 2 .c..sicsesssssssssssesseesssesessees iaiiacaagiesaacaguaancee wearer ae ae le -0.5 to (Vpp +0.5)V 
Forced current 27 ........... hse ats a led cease abut stoped tele cues tac a caecee a asa e ate ainsi: —1.0 to +6.0mA 
Short-circuit duration (single output in HIGH state to Ground) 0... sessesessssseccesssesseesssssssescscssscsssescessseasssseeeseeessses 1 Second 
Temperature | 
CDG FENG) COSC ccctst iy siecccseesfasercasess cian ha cea ecu ttacasaaeta vas vita wiostassninenute Goud oaae ea eas om atest tm neared ana —60 to +130°C 
HL ERE EO essa ecautss ane treatet vn vahcpaascpeasdebsceraedatiereeatot cv cevsatesaedeasadacoueizov ptuay tal Stared brane tence eihtu. eee ecncactalet Teas ot tiasa Teed, +175°C 
Lead, Soldering: (10 SECOMAS) ccs sazincsssesssscuvinckicenatslasivarete sectatuneienetniat eveanaeiens eAsuiutod mast ace eaetsec comune i oysdesinamstnats BOL” G 
(0) £2 [= Benen RE eT er rT TMT REESE RPS nea Pore ne re ore uauenuaeanasstoeet —65 to +150°C 
Notes: 1, Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 
2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


Temperature Range 


Standard 


Vip Input Voltage, Logic LOW 
ViH Input Voltage, Logic HIGH 


NO 
[on] 


Parameter | Max | Units 
Vpp Supply Voltage © 475 5.0 | 525 | V 
tpyy Clock Pulse Width HIGH ae ns 

ts Input Setup Time (Except PREL) pT ns 

tg Input Setup Time (PREL| 2 fe ns 

ty Input Hold Time tee og 


loL Output Current, Logic LOW 


— mee 
t ol 


= 
n 


lOH Output Current, Logic HIGH = 2.0) mA 
Ta Ambient Temperature, Still Air Cae °C 
Tc Case Temperature aa °C 


TRW LSI Products Inc. 


TMCG2208 arty 


DC characteristics within specified operating conditions | 


Temperature Range 


Parameter Test Conditions | Min | Max | Min | Max | Units 


lopo «Supply Current, Quiescent 
TSL, TSM, TSX =5V 
lnpy Supply Current, Unloaded Vpp = Max, f= 25MHz 


lib Input Current, Logic LOW Vop = Max, Vin = 0V 


WH Input Current, Logic HIGH Vop = Max, Vin=Vpp 
Vo, Output Voltage, Logic LOW Vop=Min, Io, =4mA 


> w 
(om) oO on 
| 
os 
fo) 
= 
i> 


Voy Output Voltage, Logic HIGH Vop=Min, Igy= -2mA 2.4 


loz. Hi-Z Output Leakage Current, Output LOW | Vpp=Max, Viy=O0V 
lozH Hi-Z Output Leakage Current, Output HIGH | Vpp=Max, Vin=Vpp : 


los Short-Circuit Qutput Current Vop = Max, Output HIGH, one pin to 
ground, one second duration max. 


aa 

a 
bol BE ak 

a 

po 


C Input Capacitance Ty = 25°C, f=1MHz pF 
Cg Output Capacitance Tn = 25°C, f=1MHz pF 
Note: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 


Switching characteristics within specified operating conditions | 


Temperature Range 


| 
Parameter Test Conditions Units Gu 


twa Multiply-Accumulate Time Vpop = Min el | | ns 


tena _ Three-State Output Enable Delay Vpop = Min, Load =40pF ns 
tpig _- Three-State Output Disable Delay Vpp=Min, Load = 40pF ns 


Notes: 1. All transitions are measured at a 1.5V level except for tpic and tenn. 
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Figure 5. Timing Diagram 


INPUT 
CLOCK 


OUTPUT 
CLOCK 


PRELOAD 


| | 
sar aa er aS 
~ ol tors fo teva] | —e| tos jp! seamen | | tena 
| | | | | 
HIGH IMPEDANCE | / 
| tp 


Figure 6. Equivalent Input Circuit _ Figure 7. Equivalent Output Circuit 


Yop Vpp 


n SUBSTRATE n SUBSTRATE 


opt D1 


CONTROL 


INPUT OUTPUT 


enn | = GND 
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Application Notes 


Multiplication By A Constant 


Multiplication by a constant requires that the constant be The difference lies only in constant scale factors (in this 


loaded into the desired input register, and the register case, a factor of 8 in the multiplier and multiplicand and 

not be loaded again until a new constant is required. a factor of 64 In the product). However, these scale 

The multiply cycle then consists of loading new data into factors do have implications for hardware design. 

the remaining input register and strobing the output Because common good design practice assigns a fixed 

reaister. value to any given line (and input and output signals 
often share the same line}, the scale factors determine 

Selection of Numeric Format the connection of the output pins of any multiplier in a 


system. As a result, only two choices are normally made: 
integer and fractional notation. If integer notation Is 
used, the Least Significant Bits of the multiplier, 
multiplicand, and product all have the same value. If 
fractional notation is used, the Most Significant Bits of 


Essentially, the difference between integer, mixed and 
fractional notation in system design is only conceptual. 
For example, the TMC2208 does not differentiate 
between this operation: 


| Ge Z=12 the multiplier, multiplicand, and product all have the 
and this operation: same value. These formats are illustrated in detail in 
(6/8) x (2/8) =12/64 Figures 1 through 4. 


Ordering Information 

Product Temperature Range Package Package 
Number Marking 
TMC2208J4C STD—Ty =0°C to 70°C Commercial 48 Pin Hermetic Ceramic DIP 2208J4C 
TMC2208J4V EXT—Te= —55°C to 125°C MIL-STD-883C 48 Pin Hermetic Ceramic DIP 2208J4V 
TMC2208N4C STD—Tpj =0°C to 70°C 48 Pin Plastic DIP 2208N4C 
TMC2208R1C STD—Tp =0°C to 70°C 68 Leaded Plastic Chip Carrier 2208R1C 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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CMOS Multiplier-Accumulator Features 

16x16 Bit, 65, 80, 100, 160ns e 65, 80, 100 Or 160ns Multiply-Accumulate Time 
The TMC2210 is a high-speed 16x16 bit digital e = al Multiplication With Accumulation 
multiplier-accumulator which is available in four speed gl aGilatiiisia: Inaruitlavitn Sucteane Wayanad 
bins of 65, 80, 100 or 16Uns. Input data may be ere ie ah tae Re i se ea 


specified as two's complement or unsigned magnitude Ae cue | | | 
yielding a 32-bit product. Products may be accumulated | ® Iwos Complement Or Unsigned Magnitude Operation 


to a 35-bit result. e All Inputs And Outputs Are Registered And TTL 
Compatible 
Individually clocked input and output registers are © Low Power Consumption CMOS Process 


provided to maximize system throughput and simplify bus Single +5\ P Saca 
interfacing. These registers are constructed using positive- uM sans hte anal . 
edge-triggered D-type flip-flops. The result is divided into ® Available In A 64 Pin Ceramic Or Plastic DIP Or 68 
a 3-bit Extended Product (XTP), a 16-bit Most Significant Pin Grid Array 

Product (MSP) and a 16-bit Least Significant Product eer 

(LSP). Individual three-state output ports are provided for Applications 

the XTP and MSP. The LSP is multiplexed with the Y 
operand inputs. The output register can be preloaded 
directly via the output ports. 


e Array Processors 

e Video Processors 

e Radar Signal Processors 

Built with TRW’s OMICRON-C™ CMOS process, the e FFT Processors 

TMC2210 is a drop in replacement for the TMC2010 e (General Purpose Digital Signal Processors 
and the TMC2110, and is pin and function compatible 
with the industry standard TDC1010 in DIP form and 
with the Analog Devices ADSP-1010 in the pin grid 
array. 


e Microcomputer/Minicomputer Accelerators 


Functional Block Diagram 


RND, TC 


YniLSPout 
(¥15-Yq/Pi5- Pq) 


CLK Y 


TSL CLK P | 8 5 


TRW LSI Products Inc. Phone: (619) 457-1000 ©TRW Inc. 1990 
P.O. Box 2472 FAX: (619) 455-6314 40602412 Rev. D—11/90 
La Jolla, CA 92038 Printed in the U.S.A. 


TMC2210 TR 


Functional Block Diagram 
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Functional Description 


General Information 


The TMC2210 consists of four functional sections: input 
registers, an asynchronous multiplier array, an adder and output 
registers. The input registers store the two 16-bit numbers 
which are to be multiplied and the control lines which control 
the input numerical format (two's complement or unsigned 
magnitude! outnut rounding, accumulation and subtraction, The 
round control is used when a single-word output is desired. 
Each number is independently stored, simplifying multiplication 
by a constant. The output registers can be preloaded with a 
constant to provide the sum of products plus a constant. The 
asynchronous multiplier array uses a modified Booth’s algorithm 
and has been designed to handle two’s complement or 
unsigned magnitude numbers. The output registers hold the 
product as two 16-bit words and one 3—bit word: the MSP, 


Signal Definitions 


Power 


Vpp, GND 


Data Inputs 


X15-0, 
Y45-0 


Data Outputs 


P34-0 


The TMC2210 operates from a single +5 Volt 
supply. All power and ground lines must be 
connected. 


There are two 16-bit two’s complement or 
unsigned magnitude data inputs, labeled X and 
Y. The Most Significant Bits (MSBs}, denoted 
X15 and Y45, carry the sign information: when 
two's complement notation is used. The 
remaining bits are denoted X14 and Yy4_9 
(with Xg and Yg the Least Significant Bits). Data 
present at the X and Y inputs are clocked into 
the input registers on the rising edge of the 
appropriate clock. 


There is a 35-bit two’s complement or 
unsigned magnitude result that is the sum of 
the products of the two input data values and 
the previous products which have been 
accumulated. The output is divided into two 
16-bit output words, the MSP and LSP, and 
one 3—bit output word, the XTP. The MSB of 
the XTP is the sign bit if two’s complement 
notation is used. 
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the LSP and the XTP. Three-state output drivers permit the 
TMC2210 to be used on a bus or allow the outputs to be 
multiplexed over the same 16-bit output lines. The LSP is 
multiplexed with the Y input. 


Tho TME991N hae three clark linae ane far aarh nf the ingut 
sees brewer uyene tw oyu Se wer win i dined J wea aese (wee Ree) wt eee ue ene Mae 


registers and one for the product register. Data present at the 


inputs of these registers are loaded into the registers on the 


rising edge of the appropriate clock. The Round (RND), Two's 
Complement (TC), Accumulate (ACC) and Subtract (SUB) inputs 


are registered and all four bits are clocked in on the rising 


edge of the logical OR of both CLK X and CLK Y. Problems 


with the loading of these four control signals can be avoided 


by the use of normally LOW clocks. 


Clocks 
CLK X 


CLK Y 


CLK P 


Controls 


TSX, 
TSM, TSL 


PREL 


CLK X is the clock input for the X15_q data 
register. 

CLK Y is the clock input for the Y75~9 data 
register. 

CLK P is the clock input for the product 
register. 


TSX, TSM and TSL are three-state enable lines 
for the XTP, the MSP and the LSP, respectively. 
The output driver is in the high-impedance 
state when TSX, TSM or TSL is HIGH and 
enabled when the appropriate control is LOW. 


PREL (Preload) is an active HIGH control which 
has several effects when active. First, all output 
buffers are forced into the high-impedance 
state. Second, when any or all of TSX, TSM 
and TSL are also HIGH, external data present at 
the output pins will be preloaded into the 
Corresponding section of the output register on 
the rising edge of CLK P. Normal data setup 
and hold times apply both to the logical AND of 
PREL and the relevant three-state control (TSX, 
TSM, TSL} and to the data being preloaded. 
These setup and hold times are with respect to 
the rising edge of CLK P. 
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RND RND (Round) controls the addition of a one to 
the MSB of the LSP for rounding. When RND is 
HIGH, a one is added to the MSB of the LSP 
for rounding the product in the MSP and XTP 
(if appropriate) rather than truncating. 

TC TC (Two's Complement) controls how the device 
interprets data on the X and Y inputs. When TC 
is HIGH, both inputs are two's complement 
inputs. When TC is LOW, both inputs are 
unsigned magnitude only inputs. The necessary 
sign extension for negative two's complement 
numbers is provided internally. 


When ACC (Accumulate) is HIGH, the content of 
the output register is added to or subtracted 
from the next product generated, and the result 
is stored back into the output registers on the 
next rising edge of CLK P. When ACC is LOW, 
multiplication without accumulation is performed, 
and the next product generated will be stored 


ACC 


SUB 


No Connects 
NC 


into the output registers directly. This operation 
is used for the first term in a summation to 
eliminate the need for a separate “clear” 
operation. 


The SUB (Subtract) control is used in — 
conjunction with the ACC control. When both 
the ACC and SUB controls are HIGH, the 
content of the output register is subtracted from 
the next product generated, and the difference 
is stored back into the output register. When 
ACC is HIGH and SUB is LOW, the content of 
the output register is added to the next product 
generated and the sum is stored back into the 
Output register. Note that the previous output Is 
subtracted from the product, not the product 
from the previous output. 


The pin grid array version of the TMC2210 has 
four pins which are not connected internally. 


Package Interconnections 


Signal Signal 

Type Name JO, NO Package G8 Package 
Power Vpp Supply Voltage F10 

Data Inputs X15-0 56-64, 1-7 C11, B10, A10, B9, A9, B8, A8, B7, 


X Input Word 
Y Input Word 


Y45-0 


Data Outputs 


Product Output 


24-17, 15-8 


43-17, 15-8 


A7, B6, A6, BS, Ab, B4, A4, B3 
Ji, J2, Hi, H2, G1, G2, Fl, F2, ° 
E2, D1, D2, C1, C2, Bi, B2, A3 


J10, K11, K10, L9, K9, L8, K8, L7, K7, L6, K6, L5, 
K5, L4, K4, L3, K3, L2, K2, J1, J2, Hi, H2, G1, G2, 
Fl, F2, 2, D1, D2, C1, C2, B1, B2, A3 


Clocks CLK X E10 
CLK Y FI 
cP i 
Controls TSX 4] Gi0 
TSM H10 
TSL C10 
Hit 
{pn | Round on 
gt 
| Acc {Accumulate EI 
No Connects Ki, L10, B11, A2 
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Application Discussion 


Multiplication By A Constant 


Multiplication by a constant requires that the constant be 
loaded into the desired input register and that the register not 
be loaded again until a new constant is desired. The multiply 
cycle then consists of loading new data and strobing the 
output register. 


Selection Of Numeric Format 


Essentially, the difference between integer, mixed and fractional 
notation in system design is only conceptual. For example, 
there is no differentiation between this operation: 


i ee 


and this operation: 
(6/8) x (2/8)=12/64. 


The difference lies only in constant scale factors (in this case, 
a factor of 8 in the multiplier and multiplicand and a factor of 
64 in the product}. However, these scale factors do have 
implications for hardware design. Because common good 
design practice assigns a fixed value to any given line (and 
input and output signals often share the same line), the scale 
factors determine the connection of the output pins of any 
multiplier in a system. As a result, only two choices are 
normally made: integer and fractional notation. If integer 
notation is used, the LSBs of the multiplier, multiplicand and 
product all have the same value. If fractional notation is used, 
the MSBs of the multiplier, multiplicand and product all have 
the same value. 


Figure 1. Fractional Two's Complement Notation 
BINARY POINT 


Figure 2. Fractional Unsigned Magnitude Notation 
BINARY POINT 


| aa] Mra] Xr | Mr] Mra] a | Me | 7 |X | HS | Me 
24] 2} 23] 24 | 2] 28] 27] 28] 28210 
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as] Xa] Mr [rz] Xr |X| Mo | Xa | 7 | 6 | Hs | He | Ha | | | Ho 
20 | at 22 | 23] 24] 28/28 | 27] 28] 29 foto} ott fote) 213] 214/215] ovo vasue 


SIGNAL 


SIGNAL 


7'4| 215 DIGIT VALUE 


a|ea| Po za | Pra] Pr |r| Pol Pos | Pal Pr |r 
27 | 28] 28 | ata} t] 212] t8/o14] 218] ae) 27] 


[AT] som 
28) 228 | 230) DIGIT VALUE 


fel 


~J 


72 


~ 
” 
~~ 


Po SIGNAL 
232 DIGIT VALUE 
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Figure 3. Integer Two's Complement Notation 
BINARY POINT 


a] 1a] a | Xe [7 | 6 | 5 | a [| |X| 
atte | a8 [a8] | 8 | [| | [at | 


SIGNAL 
DIGIT VALUE 


SIGNAL 
DIGIT VALUE 


SIGNAL 


Pi7|Pro|Prs|Pua [Pra Pr2|Pun/Pra| Pa | Pa | Pr | Pa Ps | Pa | | P| a | Po 


Pa [Psa] Pa [Pa | an Pn | an [Pz [Pa | Pas | an P| za | Pon | an] Pr [Pra | P| P| Ps 
208] af | 06a at] ae [atta | at | a | a8) | ot | 23] 2 | ot [0 
P + 


24] 28 | 82 || 0 | 28] 28] 7 | 28] 225] 208] | 22 || 
XTP MSP 


Figure 4. Integer Unsigned Magnitude Notation 


DIGIT VALUE 


LS 


BINARY POINT 


as Xa | Xr [rz rn |%am |X | Xa | | Xe | Xs | H | a 
208] ate far} att te | 8 [28 | 27 | op | ot | | 8] 2 ot | |e vase 


x [Ys |Yoa} Yo [Ye] Yaa] a0] Yo | Yo | ¥7 | v0 [¥5 | %s| Ya | Ye | vs | Yo] st 
206] ae | a0} at | ato | 28 [28 | a7 2] 21] 2 | var va 


= [Po|?aa| | Ps Pan | Pan] Pan] Pz |P25| as Pan| Pa |Pz2| Pon |Pzn|Pre|Pra|Pa7)Pre|Po5|Pta| Pra] Pr2| Pin] Pro] a | Pe | Pr | Pe | Ps | Pa | Po | P| Ps | Po] sicnaL 
28] 28) | 2 | 0) | 28 || e825 | 24) | 22) | 20) | 0827 [206 | 8/2] ta] 22] at) | oa [08 | at | 08 | 8 [4 | 28] 2 | ot | 0 | vo vate 
XTP MSP LS 


"| 
| 


2 
Pp 


Figure 5. Timing Diagram 


NON-MULTIPLEXED INPUTS 
(Xjy. CONTROLS) ee ae 


INPUT CLOCKS | 
(CLK X, CLK Y) | Ca 


| | 
| | = ae 
| 


| 
: 
DATA OUT PRELOAD IN DATA DATA OUT 
7 an | 


PREVIOUS 
PREVIOUS 
CYCLE CYCLE | | 


PP a eee L__ 


Note: On multiplexed leads, input data and preload in data are applied to the TMC2210, and data out is produced and driven by the TMC2210. 


l ‘pw ae i a ited 
ee | 
OUTPUT CLOCK | | sia Q 
| | | 
| — j—«— tpyw | 
| 
THREE-STATE CONTROL | = | <— tp | | 
| | | | : | | | tg ere ~~ 
—~|tpigs-—<— | teNA >} oa my i<— ois | | | : | 
| : : 
real LEADS ! wintttnAtk : K__oaTa our A _PRELOAD IN DATA DATA OUT 
| oo, : 


NON-MULTIPLEXED 
OUTPUTS (XTP, MSP) 


90 | TRW LSI Products Inc. 


TMC2210 arty 


Figure 7. Equivalent Output Circuit 


Figure 6. Equivalent Input Circuit 


Vpp 
n SUBSTRATE 
D1 p 
| : 
CONTROL 
n 


Vpp 


n SUBSTRATE 


INPUT OUTPUT 
1KQ 
n+ 
D2 
p WELL p WELL 


= GND = GND 
Figure 8. Threshold Levels for Three—State Measurements 
TSM, TSX, 
TSL 
THREE -STATE 
OUTPUTS 
0.5V 
Absolute maximum ratings (beyond which the device may be damaged) | 
BUD PNY WDNR EMN GD 5 eect Sette ssc bee Medan gcAD ans ebay npc bbc cae c eek Eud ttsonse cdl dag enced tea etbansedgeadebe ~0.5 to +7.0V 
DUP WOT A oxic sc tak telcos chet channel ccc veda ua estes conUseed tLe ctaapa cosas seap ed Sate ceca Hosta eect -0.5 to Vpp + 0.5)V 
Output 
Pippin WOU 2 aceasta faces vba ei abenshec tases ta sued ca BA ae dicate Marte acetate eset rat ete etc -0.5 to Vpp + O.5IV 
POOR Cee CLM d UAL ce ccd atest ncaa eats tbe ae Bo eae seas atdspne ee odes cera cd dealt hee -1.0 to 6.0mA 
Short-circuit duration (single output in HIGH state to Ground) ..u..........ssssesssssssssessseesesssssssssecssssesssssssessssessssssessssssessssssesssssesssnusessseessonesssecsessusesssessesaeasses 1 sec 
Temperature 
PDE UT ES CASE cect ssh ecenenseteschxapeay a ews Bevcd ct ecatac ecb habeas cela asa Succeed nega bela g sb utednUdaias ASDaas ead eens -60 to +130°C 
EDEAGEMOID 4 ronstirctsha ta cavachtwestch ates epee besPathcea haces ches eed td tego cette adele baa ue deek ace ducbdcauinsasae Seah aches tue aecoGdancdotupedede a duussibine 176°C 
E Ged, SOlMe ING C1 SECONDS) giatictisseasscsiuicu sea scausasovssaisiinustssavsdsechsdaveosacseudhcadeabedindamesgaaustevanesa cbincdbvensticpunb dv osnabssen ed seusesvCayor Snot snban donde bladen vas Betevscebublosdsied 300°C 
SOUR F eACO > cs disscceseas vob ocnenvints Ge auenctost ches a2sd co Reaevanoussea lens ds Siadnsaptsctases causes caaaaihaapheabbcuasBSeeanscCane NopicoReess Seta nace IRS Laan a ee toh aaa Salant ~65 to +150°C 
Notes: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 
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Operating conditions . 


: 3 


aos n 


uw . ‘ _ oie ry i 7 na \ 
Vi input Voltage, Logic LOW 0.8 08 y 


lo. _Output Curent, Logic LOW ae aa eae ee a a 
loH ‘Output Current, Logic HIGH ee a -2.0 a -2.0 mA 


Ty Ambient Temperature, Still Air ae ae oe ee ee 
| ae eae ac. ee eee 


Tc Case Temperature 


° 
o 


DC characteristics within specified operating conditions ' 


Temperature Range 


Extended 


Parameter Test Conditions | Min | Max | | Min | Max Units 
lnpq Supply Current, Quiescent Vop = Max, Vin = OV Pt cf] mA 
lnpu Supply Current, Unloaded Vpp = Max, TSL, TSM, TSX = 5V 
f = 15MHz a 15 75 mA 
| {| »f {| | m 
Ty. Input Current, Logic LOW , /Vpp = Max, Viy = OV 
X15-0) Controls, CLKs LA 
— ors __ Pio 15-0 i ee ee ee ee: 
lH ‘Input Current, Logic HIGH Vop = Max, Vin = Ypp 
| X45_9, Controls, CLKs uA 
Vo, . Output Voltage, Logic LOW Vop = Min, Ig, = Max a V 
Voy Output Voltage, Logic HIGH Vop = Min, Igy = Max a? oe ns ee V 
loz, Hi-Z Output Leakage Current, Output LOW | Vpp = Max, Viy = OV ae ae HA 
lozy Hi-Z Output Leakage Current, Output HIGH] Vpp = Max, Viy = Vp ae ua 
Ios  Short~Circuit Output Current Vpp = Max, Output HIGH, one pin to ground, ~ 100 mA 
one second duration max. 
C; Input Capacitance . Ta = 25°C, f = 1MHz Pf ow ff pF 
Cg Output Capacitance Ta = 25°C, f = 1MHz a pF 
Note: oe 


1. Actual test conditions may vary from those shown, but guarantee operation as specified. 
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AC characteristics within specified operating conditions 


Temperature Range 


WH 
Canal 
& 
= 
—* 
o 
= 
a. 
rm 
ae 
—/ 
4°] 
= 
a. 
@ 
a. 
~” 
=> 
o 
= 
a. 
o> 
= 
Qa. 
rm 
< 
rei 
@ 
= 
ce. 
wo 
a. 
BO FT BOT Bo 
on Foy] on ” 
-*) 
= 
Qa. 


Parameter Test Conditions 


tyjq - Multiply- Accumulate Time | Vpp = Min 


tpwre Clock Pulse Width, LOW Vop = Min 

tpyH Clock Pulse Width, HIGH fVpp = Min 

ts Input Setup Time Data, ACC, SUB, RND, TC 
PREL, TSL, TSM, TSX 

ty Input Hold Time Data, ACC, SUB, RND, TC 


PREL, TSL, TSM, TSX 


ty Output Delay Vop = Min, Cigap = 40pF 


No] Ro 
nl Ay 
-¥] 
= 
Qo. 
& 
= 
> 
7) 


= 
” 


= 
“na 


= |}o3 
nA 1” 


tena Three-State Output 
Enable Delay | Vop = Min, Croan - 40pF 


| 
” 


tpis -‘Three-State Output 
Disable Delay | Vpp = Min, Cigap = 40pF 


Ss 
” 


NO 
an 
Pa] 
”n 


1. All transitions are measured at a 1.5V level except for tpj¢ and tena. 
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0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


Notes: 


reload Truth Table 


PREL | 


—- = = = OODaoO=s - = = aaaond 


0 
0 
1 
1 
0 
0 
1 
“4 
0 
0 
1 
1 
0 
0 
1 
1 


1. PREL, TSX, TSM and TSL are not registered. 


Register — Output Pin 
Register — Output Pin 
Register — Output Pin 


Register — Output Pin 


Hi-Z 
Hi-Z 


HieZ: 


Hi-Z 

Hi-Z 

Hi-Z . 

Hi-Z 

Hi-Z 

Hi-Z Preload | 
Hi-Z Preload 
Hi-Z Preload 
Hi-Z Preload 


Register — Output Pin 
Register — Output Pin 
Hi-Z 

Hi-Z 

Register — Output Pin 
Register — Output Pin 
Hi-Z 

Hi-Z 

Hi-Z 

Hi-Z 


Hi-Z Preload 


Hi-Z Preload 
Hi-Z 
Hi-Z 
Hi-Z Preload 
Hi-Z Preload 


try 


Register — Output Pin 
Hi-Z 
Register — Output Pin 
Hi-Z 
Register — Output Pin 
Hi-Z 
Register —~ Output Pin 
Hi-Z 

Hi-Z 

Hi-Z Preload 

Hi-Z 

Hi-Z Preload 

Hi-Z 

Hi-Z Preload 

Hi-Z 

Hi-Z Preload 


2. When PREL is HIGH, any change of output register (for those outputs in which the three-state control is LOW) is inhibited. 


Ordering Information 


Product 
Number 
TMC2210G8C 
TMC2210G8C1 
TMC2210G8V 
TMC2210G8V1 
TMC2210J0V 
TMC2210J0V1 
TMC2210NO0C 
TMC2210N0C1 
TMC2210N0C2 
TMC2210N0C3 


STD-Ty =0°C to 70°C 
STD—Ty =0°C to 70°C 

EXT-Te= —55°C to 125°C 
EXT-Te=—55°C to 125°C 


EXT—Te = —58°C to 125°C MIL-STD-883 64 Pin Hermetic Ceramic DIP 
EXT—Te= —55°C to 125°C MIL-STD-883 64 Pin Hermetic Ceramic DIP 


STD-Tp =0°C to 70°C 
STD—Tp=0°C to 70°C 


STD-Tp =0°C to 70°C 
STD-Tpj=0°C to 70°C 


Commercial 
Commercial 
MIL-STD-883 
MIL-STD-883 


Commercial 
Commercial 
Commercial 
Commercial 


68 Pin Grid Array 
68 Pin Grid Array 
68 Pin Grid Array 
68 Pin Grid Array 


64 Pin Plastic DIP 
64 Pin Plastic DIP 
64 Pin Plastic DIP 
64 Pin Plastic DIP 


Package 
Marking 


2210G8C 
2210G8C1 
2210G8V 
2210G8V1 


2210J0V 
2210J0V1 


2210NO0C 

2210N0C1 
2210N0C2 
2210N0C3 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 


products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Integer Divider e Low Power CMOS Technology | 
32-Bit, 20 MOPS e Available In A 120 Pin Plastic Pin Grid Array Package 
The TMC3211 is a fast monolithic two's complement Applications 


integer divider which can divide a 32-bit dividend by a 


Nec ; e Graphics And Image Processors 
16-bit divisor to produce a 32-bit quotient, with a P d 


maximum pipelined throughput of 20 MOPS (Million * Matrix Operations And Geometric Transtorms 
Operations Per Second). Data is input on separate e Perspective Extraction 

busses, and quotients are available on a 32-bit output e Radar Signal Processing 

bus with synchronous three-state enable. All data inputs = Range Scaling 

and outputs are registered and TTL compatible. All input 
and output signal timing is referenced to the rising edge 
of Clock. Functional Block Diagram 


The TMC3211 has a single system clock and separate ™5-0 31-0 


load enable controls for the dividend and divisor iG 


registers. This allows the device to be used in : 
be 


applications requiring division by a constant. Underflow 
J 
16 - STAGE 


automatically produces the expected zero quotient, and CLK 
b> 16- 
_ NON-RESTORING 
DIVIDER 


ENX ENY 


dividing by zero sets a divide-by-zero output flag. 


The internal architecture of the TMC3211 allows all 
32-bit two's complement integer dividends and nonzero 
16-bit two's complement integer divisors, without 
prenormalization. The output quotient format is 32-bit 
integer. | 


The TMC3211 makes a full-precision, full-speed divide 
function available to designers of Workstations, Image 
Processors, and Radar Systems who need to perform 
perspective extractions, matrix operations, range scaling, 
and other complex functions. 


Features OE 
e 32-Bit By 16-Bit Fixed-Point Integer Division 

With 32-Bit Quotient 

20MHz Clock Rate And Pipelined Throughput Rate 


Three-Bus 1/0 Architecture Allows Unrestricted 
Throughput 


Easy System Interfacing 
Status Flags For Divide-By-Zero And Inexact Result 
All Inputs And Outputs TTL Compatible 


034.9 DZERO, INX 
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Pin Assignments 


120—Pin Plastic Pin Grid ‘Array — HS Package _ 


C3 Li | Vp 
B2 a . - M12 | GND 
B1 | YEN N2 Xy M13 | Qos 
D3 | GND “4 | Vpp Kil | Vpp 
C2 | Vpp M3 | Xp Li2 | GND 
Clo] Vie N3 | Xg 13 | Ogg 
D2 | Yy M4 |X K12 | Qo3 
E3 | GND L5 GND J | Vpp 
DI | Vig NO | Xs K13. | Oo 
E2 | Vig M5 | Xp S12 | Qo 
EL | Yo N5 | Xy S13 | Ogg 
| Vp 6 | Xe Hil | GND 
F2 Yoq M6 Xg H12 Qyg 
FI Yo N6 X10 Hi3 | Oy 
G2 | GND M7 | X14 G2 | Vp 
G3 Vop L7 Vop Gil 047 
G1 Y93 N7 X49 G13 Oig 
H1 You N8 X43 F13 O15 
H2 Yoq M8 X14 F12 O14 
H3 | GND iB} Xe OT FM} pp 
JI | Yog No | XEN E13 | Qyg 
2 | Yo ma | CLK E12 | Oyo. 
Kl | Yog NiO | OE Did. | Oy 
33) Vop 9 | Oy, E11 | GND 
K2 Yog M10 Op D12 O19 
L1 Yan N11 O99 C13 Og 
M1 | Yq N12 | Oop BIg | Og 
K3 | GND 10 | Oy DN | Vp 
2 | Vp mi | GND | ci2 | GND 
Ni | GND NI3 | Ong M3 | Vp 
NMLK JH GFeEODC 
1l1®O9G@OQDO9ODOHOOO 
2}0O ODOODOOOD O 
31/0 ©O0OO0OOQO QOD ODA GD 
4} O00 ro) 
5} © © © © 
6; O06 Oo © 
71;000 Top View © 
s|o00 Cavity Up 6 
9;/;00O90 \e) 
10;©09 609 © 
11,090 G60 0 GC GOOD ODO O 
W2iQOOOQGDOOOOOD O 
3/000 GCO0OOOOOO 
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cn 
B12 
Al2 
C10 
Bit 


All 


Bi0 
C9 


— A 


B9 
Ag 


C8 


BB 
A8 
B7 
C7 
Al 
AG 
B6 
C6 
Ab 
Bb 
A4 
C5 
B4 
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REM 


GND 


GND 
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Functional Description 


General Information 


The TMC3211 consists of input registers, a pipelined array 
divider, and output (quotient) registers. The. 16-bit divisor and 
32-bit dividend input registers can each be loaded indepen- 


oe ee rw: 


Thao 


dently using inié two synchronous load enable controls. The 
divider is a 16-stage pipelined non-restoring array which 
produces a 32-bit quotient and condition flags which indicate 
an attempted division by zero, or operations which yield a 
non-zero remainder or inexact result. The 32-bit parallel 
quotient output register includes three-state output drivers 
with synchronous enable control, which permits multiple 
TMC3211s to be operated in parallel or connected directly to a 


system bus. 


The TMC3211 requires a total of 19 clock cycles to generate a 
full 32-bit quotient result. Once the internal pipeline is full, a 
new quotient is available at the output every clock cycle. 


Signal Definitions 


Power 
Vop, GND 


Clock 
CLK 


Inputs 


Y31-0 


X15-0 


Outputs 
031-0 


The TMC3211 operates on a single +5V supply. 
All power and ground lines must be connected. 


The TMC3211 has a single Clock input. All input 
and output signal timing is referenced to the 
rising edge of Clock. . 


The 32-bit Dividend is presented through the 
registered Y input port. Y91 is the sign bit. The 
LSB is Yo. 


The 16-bit Divisor is presented through the 
registered X input port. X75 is the sign bit. The 
LSB is Xp. 


The current Quotient is available on the 
registered Q output bus. 031 is the sign bit. 


The LSB is Qo. 
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Controls 


YEN Data present at the Dividend input Y31-9 is 
latched into the input registers on the rising 
edge of clock when the enable control YEN is 
LOW. 


>< 
cas 
= 


Data present at the Divisor input X15~Q Is 
latched into the input registers on the rising 
edge of clack when the enable control XEN is 


LOW. 


(om) 
mn 
om) 


The quotient output bus 0374~9 and flags DZ 
and REM are in the high-impedance state 
when the registered Output Enable OEQ is HIGH. 
When OEQ is LOW, they are enabled on the 
next clock cycle. 


Flags 


DZ 


REM 


Whenever a Zero divisor is input, the resulting 
invalid output quotient will be accompanied by a 
registered Divide-By-Zero Flag HIGH. 


Whenever a division operation leaves a nonzero 
remainder, the resulting quotient is accompanied 
by a registered nonzero Remainder Flag HIGH. 


Package Interconnections 


Signal Signal 
Type Name H5 Package 
Power Vpp Supply Voltage B3, A4, A13, D1, F11, G12, J11, K11, 
L11, L7, L4, L2, J3, G3, F3, C2, C3 
Al, C4, C11, 12, £11, H11, L12, M12, 
M11, L5, 13, N1, K3, H3, G2, E3, D3 
Clock System Clock M9 
Inputs Ya1-9 | Dividend Data M1, L1, K2, K1, J2, J1, H2, Ht, 
G1, F1, F2, £1, £2, D1, D2, C1, 
B2, A2, A3, B4, C5, B5, A5, C6, 
B6, AG, A7, C7, B7, A8, B8, C8 
X15-0 Divisor Data L8, M8, N8, N7, M7, N6, M6, L6, 
N5, M5, N4, M4, N3, M3, N2, M2 
Outputs Quotient Data | L9, M10, N11, N12, L10, N13, M13, 13, 
K12, K13, J12, J13, H12, H13, G11, G13, 
F13, F12, £13, £12, D13, D12, C13, B13, 
B12, A12, C10, B11, A11, B10, C9, A10 
Controls Dividend Write Enable BI 
XEN Divisor Write Enable Ng 
a ae Quotient Output Enable N10 
Flags Divide~By Zero Flag B9 
PREM Inexact Remainder Flag Ag 
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Applications Discussion 


Division Using A Constant 


By utilizing the separate input data register load enable 
controls, the TMC3211 can perform division by a 


Data Formats 


The TMC3211 supports fixed-point two's complement 
data formats. By keeping track of the binary points of 
the input data, the user can then interpret the resulting 


Figure 1. Integer Data Format 


A IXY 


constant. The data currently held remain in the input 
registers until updated by the user. 


quotient properly. Iwo possible binary weightings of the 
input and output bits are as follows: 


where a leading minus sign indicates a sign bit. 


Care must be taken when adopting fractional data 
formats. By observing the binary weighting applied to 
the input data in the dividend and divisor, the binary 
point of the quotient can then be correctly established. 
The difference lies only in constant scale factors, which 
must be considered in order to maintain a data format 
which Is compatible with the bit weighting of the 
hardware system. The two most common choices are 
fractional and integer notation. If integer notation is 
used, the LSBs of the dividend, divisor, and quotient all 
have the same value. With fractional notation the MSBs 
are all of equal weight. 


Divide by Zero 


The flag DZ indicates that the divisor input for the 
current calculation was a zero, independent of the 
dividend. Dividing by zero is. an undefined operation 
yielding a meaningless quotient. Thus, this flag must be 
monitored to guard against possible errors. 
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Inexact Results 


The flag REM Is provided to indicate that the current 
quotient left a nonzero remainder and was truncated 
toward zero. 


Negative Full-Scale Overflow 


Due to a finite data word width, a twos complement 
overflow error occurs under the following unique 
condition: 
Divisor Y= 800000004 (Full-Scale) 
Dividend X=FFFFH (— 1) 


Result: 
Quotient O=80000000y (— Full-Scale] 


As stated above, this is due to a limitation in the number 
of bits available to indicate a positive full-scale quotient, 
and data overflows into the MSB position to indicate an 
incorrect sign. 
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Figure 3. Timing Diagram 


t 


'PWH PWL 
1 [ae ae 3 19 20 21 
oh ee ee ee 
CLK eee 


ts 5) i + — = 
Yo KX Yo XK XXX 2 OOD 
NOTE 1 


5-0 HK KKK KKK 


Oy) BZ, REM’ ee ee ae 


Notes: 


1. Demonstrates division by a constant, Oy = Yo/Xy. 
2. Assumes OEO = LOW. 


Figure 4. Equivalent Input Circuit | | Figure 5. Equivalent Output Circuit 
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D1 


CONTROL 


INPUT OUTPUT 


= GND 
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Absolute maximum ratings (beyond which the device may be damaged) | 


Supply Voltage 


Input Voltage 


Output 


Temperature 


Notes: 


Operating conditions 


Parameter 


Vpp Supply Voltage 


basse hace sececa ia ne Masao DS faye ete aang pe OO Cake etree tak neonate uc ch at teat et ere aa cates ol -0.5 to +7.0V 
eee eae See ee REE MOR A See aL aD Se ee ECL TOME eT eee ee eRe Slaeotesalautaxitaisiteias ~0.5 to op + 0.5)V 
Applied voltage 2 cadet teas Ba den SNA ean tt ID AA oe don Rd aac luee ae Roe eee eRe aha deans -0.5 to Vpp + 0.5)V 
POP Oed CUP EINN 8 ce se clcect el cece Meche tech caer gles he a ac ce ale tere sah a tea eet mines -3.0 to 6.0mA 
Short—circuit duration (single output in HIGH state to ground) ............csssscsssssssscssssssssssesssssssesssssssssscsssssssesssssescesssssssscsessssssesessessossusssssessssseessssssseseesses 1 sec 
MPI MUMS CAS alec tacecces con cteecizessatscacts tet oceie tus oanacecp el an cee toi a aa eect es Tusa Vv ase vnc nce acaba tea TaRCSTT ages coevnseehe cecte eka -60 to +130°C 
RMT MEN 25sec watch Fda anata cent baud ia te attest pesca aunnc tanned av ota soos be ness ane 175°C 

Lee SOMMEN ING (10 2 SECONDS) ric tsasssssesvettcanetsistcavauius cis sevests adaccbancaussseactasetonesesatisalioavcysseasteacboseneavcuuciecces asians anes aol daedebrmaash aapanaRnbeaNondaiven ats 300°C 
Slorathescicktatovta die cudsntaeeannses ee Ee Te ae decd aacanediiates ely a se oeate titer et ealdann -65 to +150°C 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Temperature Range 
: 
Jest Conditions | Min Units 


Vi Input Voltage, Logic LOW V 
Vin Input Voltage, Logic HIGH V 
loL Output Current, Logic LOW mA 
loH Output Current, Logic HIGH mA 


tpy, ‘Clock Pulse Width, LOW | Vpp = Min ns 
tpywy ‘Clock Pulse Width, HIGH Vop = Min ns 
ts Input Setup Time 


ns 
ty Input Hold Time ns 
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DC characteristics within specified operating conditions | 


Temperature Range 
Standard 


Parameter Test Conditions Units 


Ippo Supply Current, Quiescent Vpp = Max, Vin =0V 
Ippy Supply Current, Unloaded Vpp =Max, OEO=5V, f=20MHz 


|e 
3 
> 


150 mA 


= 
> 


Ny Input Current, Logic LOW Vpp = Max, Vin = OV 

ly Input Current, Logic HIGH Van=Max, Vin=Van 
VoL Output Voltage, Logic LOW Vpp = Min, Ip, =Max 
Vou Output Voltage, Logic HIGH Yop = Min, Igy =Max 
lo7H Hi-Z Output Leakage Current, Output HIGH Vpp = Max, Vin=Vpp 


e 
> 


2.4 


loz Hi-Z Output Leakage Current, Output LOW Vpp = Max, Vin =0V 

los Short-Circuit Output Current Vpp = Max, Output HIGH, one pin to 
ground, one second duration max 

C Input Capacitance Ty = 25°C, f= 1MHz 

Co Output Capacitance Ty = 25°C, f= 1MHz 


Note: |. Actual test conditions may vary from those shown, but guarantee operation as specified. 


pF 
pF 


on 
ro) 
S 
> 


AC characteristics within specified operating conditions 


Temperature Range 
Parameter Test Conditions 


tp__Output Delay Voo=Min, Cigan=25F J | tt 
iyo Output Hold Time Vpp=Max, Cigap=2orF =f SOY SSOS*~YSCS*SCSi 


Note: 1. Equivalent to tpjg and tepya of the three-state outputs. 


STD—Tpj=0°C to 70°C 120 Pin Plastic Pin Grid Array 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Ordering Information 


Product 
Number 


Package 
Marking 


TMC3211H5C 3211H5C 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LS! Products Inc. components in life support applications assumes all risk 
of such use and indemnifies TRW LSI Products Inc. against all damages. 
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Floating-Point Arithmetic Titta 


Fixed-point digital signal processor design requires careful attention to dynamic range, limit cycles, and 
overflow conditions. Block floating-point is often used to extend the dynamic range, but it carries with 
it significant bookkeeping overhead. 


TRW offers a broad line of floating point processors, designed to implement signal processing 
algorithms or accelerate computers doing floating-point arithmetic. These devices differ from the well- 
know floating-point accelerators used with standard microprocessors (ie., the 80387). The TRW 
products implement a limited instruction set (often no more than add, multiply, and/or divide), and 
execute them much faster than the generic floating-point acclerator. These chips are clearly targeted at 
signal processing applications. 


TRW’s processors comply with the IEEE 754 standard floating-point arithmetic format. Addition/ 


subtraction, multiplication, and division are supported. For systems requiring compliance with 
MIL-STD-1750 format, the TMC3202 provides addition, subtraction, and multiplication. 
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Clock 
2 Rate | Power | . 
Product Description Size (MHz) (Watts) Package Grades 2 Notes | Page 
TMC3032-1 — Floating-Point Multiplier 32-Bit 10 0.21 J3 64 Pin DIP C [EEE-754 Format. J3 
Al 68 Contact CC C 
- 8 0.21 #J3 64 Pin DIP C,V 
; Al 68 Contact CC C 
TMC3033-1 — Floating-Point ALU 32-Bit 10 0.21 J3 «64 Pin DIP C IEEE-754 Format. J3 
. Ai 6&8 Contact CC C 
- 8 0.21 J3 64 Pin DIP C,V 
: Ai 68 Contact CC C 
TMC3200 Floating-Point Multiplier © 32/34-Bit 10 0.16 G5 89 Pin PGA C,A [EEE-754 wi/Internal Accumulate. J3 
TMC3201 Floating-Point ALU 32/34-Bit 8 0.16 G5 89 Pin PGA C,A IEEE-754 w/Three Port 1/0. J17 
TMC3202 1750A Accelerator 32-Bit 16 0.3 L3. 84 Lead CC C, V 8MFLOP, MIL-STD-1750A. J39 
TMC3210 Floating-Point Divider 32-Bit 20 0.3 J4 48 Pin DIP C,V 2.5MFLOP, IEEE-754 Format. J57 


Notes: 1. Guaranteed. See product specifications for test conditions. 
2. A=High Reliability, Te = —55°C to 125°C. 
C=Commercial, 1, =0°C to 70°C. 
V=MIL-STD-883 Compliant, Tp=—55°C to 125°C 
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Floating-Point Multiplier and ALU 
32-Bit, 10 Megaflops 


The TMC3032 and TMC3033 are form, fit, and function 
compatible with the WTL1032 and WIL1033. Since the 
OMICRON-C™ one micron CMOS process, power con- 
sumption is greatly reduced. Power supply considerations 
are also eased by the requirement for only a single 
(+5V) supply voltage. 


The TMC3032 Is a digital multiplier which provides the 
product of two normalized floating point numbers. These 
numbers are expressed in the 32—bit single —precision 
format of the IEEE Standard 754, Version 8.0 or 10.0. 
When the three internal pipeline registers are enabled, 
the data throughput rate of the TMC3032—-—1 is 10 
Megaflops (Million floating point operations per second). 
With the pipeline registers disabled, the TMC3032—-—1 
runs at 3 Megaflops. The TMC3032 (like the WTL1032] 
operates from a single clock. 


The TMC3033 is an arithmetic unit which adds, 
subtracts, and compares floating point numbers expressed 
in the 32—bit 

single — precision format of the IEEE Standard 754. It can 
also convert between floating point and a 24—bit two's 
complement integer fixed point representation. When the 
three internal pipeline registers are enabled, the data 
throughput rate of the TMC3033-—1 is 10 Megaflops. 
With the pipeline registers disabled, the TMC3033 —1 
runs at 3 Megaflops. The TMC3033 (like the WTL1033) 
operates from a single clock. 


All data and instruction inputs are registered. Each input 
operand enters on a half—width bus on two successive 
rising edges of the clock when enabled by the LOAD 
controls. The synchronous UNLOAD controls enable or 
disable the three-state output buffers and select the 
most or least significant output word. 


Instruction and mode registers hold data format and 
rounding control signals. Renormalizing, rounding, and 
limiting logic ensure proper handling of special cases and 
correct output 

data formatting. 


Features 


e Exact Replacements For WTL1032 And WTL1033 

e Low-Power CMOS Construction, Single +5V Power 
Supply Operation 

e 10 Megaflop Throughput Rate With The TMC3032—-1 
And TMC3033 — 1 


e Six Additional Functional Instructions Over The 
WTL1033 (TMC3033) 


e Complete IEEE Compare And Compare Magnitude 
Functions (TMC3033} 


e Conforms To IEEE Standard 754 Version 8.0 Or 10.0 
e Available In Commercial And Military Grades 


Applications 


e Matrix Operations And Geometric Transforms 


e Arithmetic Section In Microprogrammed Array 
Processor 


e Arithmetic Element In Systolic Processor 
e Graphics And Image Processing 

e Floating Point Digital Filters And FFTs 

e Radar And Sonar Signal Processor 

e Arithmetic Co— Processor 

e Solids Modeling 
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La Jolla, CA 92038 
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Block Diagram Pipeline Operation 
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Functional Description 


TMC3032 


The TMC3032 consists of four sections: the input stage, the 
significand multiplier/exponent adder, the renormalize/round/limit 
block and the output stage. 


The input stage accepts instructions for loading data, unloading 
(outputting) data, and performing operations. It consists of five 
registers (L, A, B, F, and U) and control/sequencing logic to 
permit the controlled multiplexing of inputs to the proper 
destinations. 


The multiplier‘adder multiplies the significands and adds the 
‘exponents to produce a “raw” (possibly unnormalized) result. 
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lf the significand emerging from the multiplier/adder overflows, 
the renormalizer right shifts the significand and increments the 
exponent. The rounder performs the selected rounding 
operation. The limiter replaces overflowing results with a 
properly signed infinity or maximum normalized value according 
to IEEE convention. In FAST mode, underflowing results are 
replaced with zero. In IEEE mode, they are output in wrapped 
format with the Underflow or Underflow/Inexact flag. 


The output stage consists of registers which are loaded under 
the control of Unload Control Up, and three-state output 
drivers which are enabled and disabled by Unload Control U4. 


TMC3032/3033 


“ai 


TMC3033 — 


The TMC3033 consists of five sections: the input stage, the 
denormalizer, the arithmetic unit, the renormalize/round/limit 
block and the output stage. 


The input stage aptanls instructions for loading data, unloading 


anno iate af fiu 


Anta and nnet arm: INA ANAKATINNGA 


(outputting) Udld, dU POrIUrtiinty operations. Ht Consists OF TiVE . 
The output stage consists of registers which are loaded by Up, 


registers (L, A, B, F and U) and control/sequencing logic to 
permit the controlled multiplexing of inputs to the proper 
destinations. | 


The denormalizer shifts the smaller exponents significand 
rightward. This section also executes: the “UNWRAP A” and 
“FIX A” functions. 


The arithmetic unit adds or subtracts the two significands. 


The renormalizelroundilimit block shifts the significand as 
required to produce the IEEE specified normalized or 
denormalized result. Rounding is then performed in this section. 
Finally, the results are limited according to IEEE conventions to 
eliminate overflow and improper handling of underflows. 


and three-state output drivers which are enabled and disabled 
by the Uy. 


~The TMC3033 arithmetic unit conforms to IEEE Standard 754, 


Version 8.0 or 10.0 data format for standard 32-bit arithmetic. 
The TMC3033 arithmetic unit needs two clock cycles to - 
transfer any input or output data word, since the input and 
Output buses are 16 bits wide. 


Power 


The TMC3032 and TMC3033 operate from a single +5 Volt 
supply. The TMC3032 and TMC3033 do not require a 3 Volt 
supply on the Vpp pins. These pins (11, 54) are not connected 
and permit operation in sockets wired for the WTL1032 and 
WTL1033. 


Clock 


The TMC3032 and TMC3033 operate on a single, 
TTL-compatible clock, CLK. All data are loaded into the 
appropriate registers on the rising edge of CLK as controlled 
by the LOAD, FUNCTION and UNLOAD commands. 


Data Inputs 


The TMC3032 and TMC3033 have two 16-bit multiplexed input 
data buses, Ay5—g and By5_9. The Most Significant Word 
(MSW) is loaded on the rising edge of CLK which follows the 
assertion of a LOAD instruction, LA or LAB. The Least 
Significant Word (LSW) is loaded on the next rising edge of 
CLK following the loading of the MSW. If the load instructions 
are not changed, consecutive rising edges of CLK will load 
a MSWs and LSWs continuously. | 


Data Outputs: 


The TMC3032 and TMC3033 have a single, 16-bit multiplexed. 
output bus with three-state output drivers. The loading of the 
output register is controlled by the Ug instruction. Three -state 
enable/disable is Synengnos and Is controlled by the Uy 
instruction. 


Controls 


The load controls, Lg and Ly, determine how data are | 


transferred into the data input registers, A and B, and the 


mode control register. The load controls are read on every 
rising edge of CLK. All data transfers into the A, B and mode 
registers’ take place on the rising edge of CLK following the 
load controls commanding the data transfer. Since two 
consecutive clock cycles are required to load A or B operands 
into the data input registers, Lg and Ly must be valid for two 
consecutive clock cycles. 


Unload control Ug determines how data is transferred into the 
Output registers. Uy controls the enabling and disabling of the 
three-state output drivers. The unload controls are read on the 
rising edge of CLK. The state of the output drivers will change 
after the next rising edge of CLK following the loading of a 
DAB or ENB instruction on Uy. Therefore, two CLK cycles are 
required to enable or disable the three-state drivers. 


The dual-purpose function controls F3_9 and Ug select the 
operational mode (flow-through or pipeline), the rounding and 
underflow modes, and the input data formats (normalized or 
wrapped). The mode controls are read on the rising edge of 
CLK following an LMOQDE instruction. . 


Status Outputs 


The TMC3032 and TMC3033 have three pins which indicate the 
presence of exception conditions in the result in the data 
Output register. These flags are valid while both the MSW and 
the LSW are unloaded. Note that these pins are three-state 
under the control of the Uy input. If the magnitude of a 
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TMC3032/3033 


TMC3033 result is smaller than the smallest normalized IEEE 
number, the TMC3033 produces a denormalized value (with a 
zero exponent). In the IEEE mode, when a TMC3032 product 


magnitude is smaller than the smallest normalized IEEE number, 


the TMC3032 produces a normalized but unrounded value with 
a (nonpositive) “wrapped” exponent. In this case, the UNF and 
UNF+INEX (underflow and underflow with inexact result) status 
flags can be applied to the TMC3033 along with the product 
to generate a properly rounded IEEE “gradual underflow” 
numerical representation. In FAST mode, und 


uluGiltiuyv my piv 
are flushed to zero with the UNF+INEX flag. 
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instructions 


Function codes 1010 binary through 1111 binary (listed as 
WTL1033 “Reserved” instructions) have been implemented as 
absolute value and IEEE Comparison instructions. Comparisons 
of infinities follow IEEE Standard /54 Version 8.0 for projective 
and affine modes. For IEEE Standard 754 Version 10.0, the 
affine infinity mode should be selected. 


The FIX A instruction can be used with any user-selected 
type of rounding in the TMC3033, whereas the WTL1033 
supports only round-toward—zero. When round-toward -zero 
is used, the WTL1033 and TMC3033 yield the same (correct) 
result. 


Figure 1. Data Formats 


32-bit floating point (IEEE Standard] 


SIGN BIT 
aaa acuell FIELD 


SIGNIFICAND ic i icra. 


HIDDEN BIT AND BINARY POINT 
a eos 


ee SIGNIFICANT worp——________A___ LEAST SIGNIFICANT worp ——/ 


32-bit floating point values are determined by: 


Exponent 


255 Not all zeros 
255 All zeros 
1-254 Any 

0 Not all zeros 


Zero 


Significand ee 


Mnemonic 


Not a number NaN 
(-1)8 Infinity INF 
(-1)8(1,F)QE- 127 Normalized number NRM 
(- 1)5(0.F)2E~ 126 Denormalized number DNRM 


(= 1)5(0.0) Zero 


Note: The Fo3 bit of the significand (hidden bit) is always one except for zero and denormalized numbers, when it is zero. 


24-bit fixed point two's complement 


fae EXTENSION aaa, Ce ad ee —- —) 


Ts [-+ = [s]% [rafal fa] += [e [a] fp — mmr aan or 


Note: The 8-bit sign extension is a repeat of bit Fo9, the sign bit of the two's complement representation. Values can range between +923_4 


and - 223 


Table 1. Load Instructions 
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Operation 
No loading of A, B or mode — Internal registers disabled 
Load operands A & B into array from A & B registers 
Load only operand A into array from A register 


Load only MODE register from F and U registers 


TMC3032/3033 ee 


Table 2. Unload Instructions 


- Operation 


Mnemonic 


Disable output driver (Hi-Z ca 


OX Enable output driver 
X0 Load: output register MSW from array 
X1 


Load output register LSW from array 


~ XXXX- Pipeline registers are disabled 
XXXX Pipeline registers are enabled 
XX00 Round to nearest number, or nearest even number if distances are equal 
~ XXx01 Round toward zero (truncate product significand) 
XX10 Round toward positive infinity 
XX11 Round toward negative infinity | 
XOXX Affine infinity (sign preserved) IEEE Standard 15A Version 8.0 or 10.0 
X1XX — Projective infinity (sign ignored) IEEE Standard 754 Version 8.0 
OXXX . Gradual Underflow (use wrap for exponent underflow, TMC3032 only) 
IXXX Flush -to-zero (replace underflowing numbers with zero, TMC3032 only) 


Table 4. TMC3032 Load Instructions 


F3_9 Operation 
- 0000 | Multiply normalized A times normalized B 
0001 Multiply wrapped A times B 
0010 Multiply A times wrapped B 
0011 Multiply wrapped A times wrapped B 
01XX | Reserved 
IXXX Reserved 


Table 5. Status Outputs | 


S74 Mnemonic Excoptions 


000 OK ; : . _ No exceptions 

001 INEX | | - Inexact result 

010. eR UNF . Exponent underflow 

011 UNF+INEX Pe Exponent underflow and inexact result 
100 : ~ Unused 

101 OVF+INEX Exponent overflow and inexact result 

110 INV Invalid operands or invalid operation — 


m1 Settes DIN _ Denormalized operand, TMC3032_ | 
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Table 6. TMIC3033 Function Instructions 


Operation 


negative (wrap-around) exponent. Used before multiplying a denormalized number. 


Convert a “gradual underflow” denormalized A operand (exponent zero) to normalized form with a 


Convert a normalized A operand with a nonpositive (wrap-around) exponent to a denormalized 


number with a zero exponent. Used after an underflowing multiplication. The LSB of the B 
operand must contain the Sp (inexact) bit from the multiplier STATUS word. 


Fo | Mnemonic 
0000 WRAP A 
0001 UNWRAP A 
0010 FLOAT A 
0011 FIX A 
0100 A+B Add A and B in 32-bit floating point. 
0101 A-B Subtract B from A in 32-bit floating point. 
0110 B-A Subtract A from B in 32-bit floating point. 
0111 (ABS A)+(ABS B) Add the absolute values of A and B in 32-bit floating point. 
1000 ABS (A-B) 
1001 ABS (A+B) 
1010 COMP A, B! 
1011 -A-B! Subtract B from minus A, 32-bit floating point. 
1100 COMP ABS A, ABS B! 
A=B, A>B. 

1101 (ABS A)-(ABS B)' 
1110 (ABS B)-(ABS A)! 

(-ABS A)-(ABS B)' 
Note 


|. These instructions are not implemented on the WTLI033 ALU device. 


Table 7. TMC3033 Status Outputs for Comparison Operations 


$9 pMnomoric 
000 lOP 
001 A>B 
010 A=B 
100 A<B 


Table 8. Multiplication Exception Flags and Outputs 


Notes: 


A Operand 

| ZERO | SNR 
ZERO OK, ZERO OK, ZERO 
DNRM OK, ZERO DIN', ZERO 
NRM/WNRM OK, ZERO DIN', ZERO 
INF INV, NaN OK, INF 
NaN INV, NaN INV, NaN 


1. In FAST mode, DIN becomes OK. 


2. In the case of NRM/WNRM x NRM‘WNRM. 
OVF: Output is OVF,+NRM.MAX if {RM,RZ) and TRESULT > NRM.MAX 
OVF,-NRM.MAX if (RP.RZ) and TRESULT < -NRM.MAX 
OVF,+INF if (RN,RP} and TRESULT > NRM.MAX 
OVF,-INF if (RN,RM) and TRESULT < -NRM.MAX 
UNF: Output is zero with UNF or UNF-INEX if |TRESULT| < NRM.MIN (FAST model 
Output is WNRM with UNF or UNFINEX if |TRESULT) < NRM.MIN (IEEE mode) 
ELSE: Output is OK or INEX with normalized value 
NRM.MIN < |TRESULT| < NRM.MAX 
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B Operand 


Take the absolute value of the difference between A and B in 32-bit floating point. 
Take the absolute value of the sum of A and B in 32-bit floating point. 
Compare A and B; result is A-B. Status flags indicate B> A, A=B, A> B. 


Subtract the absolute value of B from the absolute value of A in 32-bit floating point. 
Subtract the absolute value of A from the absolute value of B in 32-bit floating point. 


Comparison Result 


Convert a 24-bit two's complement integer at the A input to 32-bit normalized floating point. 
Convert 32-bit normalized floating point number to 24-bit integer. All rounding modes usable. 


Compare the absolute values of A and B; result is (ABS A)-(ABS B). Status flags indicate B> A, 


Subtract the absolute value of B from minus the absolute value of A 32-bit floating point. 


Invalid operation: one operand is not a number. 
A operand greater than B operand. 
A operand equal to B operand. 


A operand less than B operand. 


NRM/WNRM 


OK, ZERO 
DIN! ZERO 


See Note 2 
OK, INF 
INV, NaN 


3. Terms used 


TRESULT = 
NRM.MAX = 


NRM.MIN = 


INF 


INV, NaN 
OK, INF 
OK, INF 
OK, INF 
INV, NaN 


in this table include: 
No exceptions raised 
Normalized number. 


Denormalized number. 


Wrapped number. 


INV, NaN 
INV, NaN 
INV, NaN 
INV, NaN 
INV, NaN 


Inexact result, output differs from infinite precision value. 
Normalized, rounded, true result before limiting. 
Maximum allowable positive nermalized number, 


9+128_9+104 


Minimum allowable positive normalized number, gat Lb: 
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Table 9. Conversion of 32-bit Floating Point to 24-bit Fixed Point 


| 24—Bit Result 


Status 


32-Bit Floating Point Operand | 


+1XXX...XXX x 2% 128 (NaN OR INF). OVE 
@ : ; e 
e e 
e e 
+1XXX...XXX x 2423 Ont... OvF 
#11... x 2422 0111...111 INEX 
+1.011...110 x 2422 0111...111 OK 
e 6 : e 
e e e@ 
e @ e 
+1,000...000 x 22 000.. .0001 | OK 
e e e 
@ , r) e 
e 7 . e e 
+1,000...000 x 2-126 000... .0000 INEX 
@ e e 
@e e e 
e e e 
+0.000...001 x 27126 (onRM) | 000. . 0000 INEX 
+0.000...000 x 27 '26 (zERQ) 000. . .0000 OK 
-0,000...000 x 2-126 (ZeR9) 000... .0000 OK 
e e ° 
e e e 
ee. e e 
-O.111...111 x 27126 (ONRM) 000... .0000 ——INEX 
-1.000...000 x 27126 | 000. . 0000 INEX 
e@ . @ . e 
e @ e 
eo e ° 
-1,000...000 x 2 W11...111 OK 
e e @ 
e e @ 
e e @ 
-1.111...110 x 2422 1000. ..001 OK 
AN... 111 x 2422 1000...001 2 ——INEX 
~1,000...000 x 2+ 29 Note 1 1000. . .000 OVE 
e e @ 
e : . e — e 
e @ . . e 
-1,000...010 x 2+ 28 1000...000 OVE 
—1XXX...XXX x 2% 128 (NaN or INF) 1000...000 OVE 


Note: 
1. The indicated operation causes the OVF flag but is actually OK. 


10 TRW LSI Products Inc. 


TMC3032/3033 arew 


DNRM and WNRM represent numbers in which the fraction is | Table 10. DNRM and WNRM Floating Point Numbers 
normalized and the exponent is allowed to wrap through the (IEEE Mode) 
biased exponent value of zero. 


Exponent | Biased Value | Unbiased Value 
The multiplier accepts wrapped inputs from the ALU over the 0 0 -127 


WNRM range. The smallest positive WNRM Is 
2-126 y 9-23 = 2-149 The multiplier outputs wrapped 


numbers over the DNRM range. The smallest positive result is 
9-149 y 9-149 ~ 9-298 


Package Interconnections 


Signal Signal 
Type Name J3 Package A1 Package 


Data Inputs A15-9 A Operand Input Bus 59-64, 1-8, 10, 12 20-32, 34, 36, 38 
B15-9 B Operand Input Bus 42-53, 55-58 2-13, 15, 16, 18, 19 


Data Outputs C15-9 Result Output Bus 38-32, 30-22 65-59, 57-52, 50-48 


contol 131 9,40 
Uj_9 Unload Instructions 20, 21 46, 47 
Fog Mode/Format Select 15, 17-19 41, 43-45 


Figure 2. Input and Output Timing 


tcy 
die i. | 
CLK, CLOCK INPUT 
ts 
tH 
mPuts piesa js ber X 
s, ¢ OUTPUTS XXX XXXKXAK eT KX 


too tvo 
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Figure 3. Flowthrough Mode Timing 
wee wee ea eee ea ee 
ow POPE r PO 
— eet {itt 
STATUS OUT STATUS 0 
me EH 


ARRAY LATENCY aa — 
eet 
8 tg 


A, B 
OPERANDS 


IN 
UNLOAD IN 


LOAD 


t 
hve ae Se ee ia ek ee 
Qo 4 2 3 4 45 Vi 4 : t10 "11 
TIME ——_—_> 


Figure 4. Pipeline Mode Timing 


LOAD IN 
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t 
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Figure 5. Equivalent Input Circuit Figure 6. Equivalent Output Circuit 


Vee Vec 


n SUBSTRATE n SUBSTRATE 


D1 D1 


p+ 


CONTROL 


INPUT OUTPUT 


Absolute maximum ratings (beyond which the device may be damaged) | 


SSRUEDEDE WOME Esch ices Speers sah ct anseccar Seca ts eta tannd tebe dsc ety sac cw oat cnt cement ats oo ache see aye ineed —0.5 to +7.0V 
HTL) 1 0) | | + (ane ae are PCR mnn rr eee ete Se RR efter EO ce CIC eee eae aT Ter PTT eer ON NTO er ee —0.5 to (Veg +5.5V) 
Output 

AGDNGC VOMAGE von rakisia deci awaica eamendeenitse adaben ane anon eaten —0.5 to +55V2 

ayia (0 ed (1 | GER RO RON IC e eERCER OO WRORIEN SRE VR CASE ANT TODOS POTTER? ARPES ROR EE PSE ECE —1.0 to 6.0mA 34 

Short-circult duration (Single output In HIGH state to Ground) oo... eecescsescstsessesesssessesssescssenessersesesssesssssesesesseeesess 1 Second 
Temperature | 

PS EAUIING CASE esse ocsssestesscernss celina oops esa cee vauiracsi asst oabsivasvtssanv ence ea gone auedi vos umask he da peed ices ecnctaes catches 

MITE ON 2 stcc: Sarncceg caeraerncottrentgnuanntcs cist mapa adh tp acearcnes OS aM aS cenit Sede abah fesaal a Ravbasaniinansaain evoseeiden 

Lead, soldering (10 seconds) 

SEE eas evcsssescs seco wuss on beset po ck wea cca dasa ocd anaes aang hr cala rpm caocas pa nena mendes antiport 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating 
Conditions are not exceeded. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


Parameter | __ Min | Nom | Max | Min | Nom [ Max | Units 


Tq Ambient Temperature sitar | 0 | | mf | | 


Te Case Temperature 
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DC characteristics within specified operating conditions 


Temperature Range 


Standard | Military 2 
3032/3033 | 3032-1/3033-1| 3032 | 3033 | 


Parameter Test Conditions 


Vi Input Voltage, Logic HIGH 
ViL Input Voltage, Logic LOW 


= 
Ss 
= 
” 


N 
1 


~ 
‘ f 
<<]; <i< 


Voy Output Voltage, Logic HIGH] Vec=Min, Iopy=—2mA 2.4 
Vo, Output Voltage, Logic LOW] Vec=Min, Ip) =4mA 


Ny Input Leakage Current Vec= Max, Vin =0 to 5V 
lo Output Leakage Current Vec = Max, Vgyt=0 to 5V 
(Outputs Disabled) 


= 
> 


a] 
TI 


Ciyy Ss Input Capacitance Vec= Max, Vin =0 to 5V 
Coyy Output Capacitance Vec= Max, Vin =0 to 5V 
(Outputs Disabled) 


mA 
mA 


Iccq Supply Current, Quiescent | Vec=Max, Vin =0V 
Iccy Supply Current, Unloaded Vec= Max, f=10MHz 


aonb 
on 
i 
Poy 
— 
on 
~ : 
ue : 
cond —_—_ > —_ 
oO ony on =) 
on 
— 
on 
a} 
= 


Notes: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 
2. Contact factory for final values. 


AC characteristics within specified operating conditions ' 
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Temperature Range 


Standard Military 2 
3032/3033 | 3032-1/3033-1 


Parameter Test Conditions | Min | Max] Min | Max] Min | Max} Units 
icy_Stock Cycle Tne Vco=Min os{ | so | {| | | [ns 
tcH Clock HIGH Time Vin=24V | 30 | =| 2] | 2] {| 2] [ns 
tc, Clock LOW Time Vj, =0.8V ee ns 
ts | Input Setup Time Voy =2-8V, Igy= — 1mA Pes lor Pee eee ns 
ty Input Hold Time Vo =0.4V, Ig, =5mA Fo} | of fF 2y fF 2q | ns 
tpg Output Delay Time CLoap=S0pF ee ee 
tyg Output Valid Time See Figure 2 ee ee ns 
top Flowthrough Operation Time | See Figure 3 | {375 | | 300 | | 360 | | 360 ns 
tia Total Flowthrough Latency | | 565 | | 450 J | 540 | | 540 | ns 
top Pipelined Time Per Stage | See Figure 4 | {128} | 100 | | 120 | sf 120 ns 
t1, Total Pipeline Latency — 625 at 500 | | 600 | | 600 | ns 


Notes: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 
2. Contact factory for final values. 
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Ordering Information 


Product 
Number 


Package 
Marking 


TMC3032J3C STD—T,=0°C to 70°C Commercial 64 Pin Hermetic Ceramic DIP 3032J53C 
TMC3032J3C1 STD—Tpj=0°C to 70°C Commercial 64 Pin Hermetic Ceramic DIP 3032J53C1 
TMC3032J3V! MIL—Te=—55°C to 125°C MIL-STD-883 64 Pin Hermetic Ceramic DIP 3032JN3V 


TMC3033U3C 
TMC3033U3C1 
TMC3033J3V ' 


TMC3032A1C 
TMC3032A1C1 


TMC3033A1C 
TMC3033A1C1 


STD—Tp=0°C to 70°C Commercial 64 Pin Hermetic Ceramic DIP 
STD—Ty =0°C to 70°C Commercial 64 Pin Hermetic Ceramic DIP 
MIL —Tc=—55°C to 125°C MIL-STD-883 64 Pin Hermetic Ceramic DIP 


STD—T,y=0°C to 70°C Commercial 68 Contact Chip Carrier 
STD—T,a=0°C to 70°C Commercial 68 Contact Chip Carrier 
STD—T,a=0°C to 70°C Commercial 68 Contact Chip Carrier 
STD—Tp =0°C to 70°C Commercial 68 Contact Chip Carrier 


Note: 1. Contact factory for availability. 


3033U3C 
3033J3C1 
3033U3V 
3032A1C 
3032A1C1 


3033A1C 
3033A1C1 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC3200, TMC3201 


CMOS Floating-Point Arithmetic Unit and Multiplier 


32/34 Bits 


The TMC3200, an arithmetic unit, adds and subtracts 
floating-point numbers expressed in IEEE 32-bit single- 
orecision format or extenaed-range 34-cit format. 
Conversions between floating-point and 24-bit two’'s- 
complement integer fixed-point representations are 
provided. Also, an internal accumulate path enhances 
performance in high-speed systems. The TMC3201, the 
multiplier compatible with the TMC3200, generates a 
product of two normalized floating-point numbers. These 
devices meet the floating-point format and operations 
described in Version 10.0 of IEEE Standard 754. The 
TMC3200 and 1MC3201 are built using TRW's 
OMICRON-C™ one-micron CMOS process. 


All data and instruction inputs to the TMC3200 and 
TMC3201 are registered. The input operands of the 
TMC3200 are selected from the input bus, zero or the 
accumulate path. Each input operand enters on a half- 
width bus on two consecutive rising edges of the clock. 
Controls are provided to determine the operand selection, 
tne arithmetic operation, the data format and the 
rounding mode. Renormalizing, rounding and limiting 
functions are provided on both the TMC3200 and 
TMC3201 to ensure proper handling of special cases and 
to correct output data formatting. Results are output as 
two words on successive clock cycles and emerge — 
through a three-state output port. 


Features 
e IEEE Standard 754 Version 10.0 32-Bit Or 
Extended-Range 34-Bit Floating-Point Data Format 


IEEE Default Unbiased Round-lo-Nearest And 
Round-loward-Zero Modes 


e Three-Bus Architecture For High Throughput 
Automatic Limiting For Overflow/Underflow Cases 
selectable Pipelining : 


e All Inputs And Outputs Are Registered And TTL 
Compatible 


e Low Power CMUS Construction 
e Standard/Extended Temperature Range 
Available In An 88 Pin Grid Array Package 


~TMC3200 


e 10 Megaflop Throughput Rate (100ns Pipelined Cycle 
Time] 
Internal Accumulator Feedback Path 


Integer Two's-Complement 24-Bit Fixed-Point Data 
Format Conversions 


e Full Conversion Between All Data Formats 
e Flexible Data Source Selection 


e Direct User-lransparent Handling Of Denormalized 
Operands 


e Input Traps For Infinity And Not-A-Number 


TMC3201 


¢ 8 Megatlop Throughput Rate (125ns Pipelined Cycle 
Time} 

e Input Traps For Infinity, Zero, Not-A-Number And 
Denormalized Numbers 


Applications 


e Matrix Operations And Geometric Transforms 


e Arithmetic Element In Microprogrammed Array 
Processors 


e Graphics And Image Processors 

e Floating-Point Digital Filters 

e Fast Fourier Transforms 

e Radar And Sonar Signal Processors 
e Solids Modeling 
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TMC3200 Functional Block Diagram 


INSTRUCTION WORD 
CLK Me, 5 S7_9 Mq-o 


ACCUMULATE PATH (U BUS) 


INPUT 
SECTION 


INPUT TRAPS (co, NANA/B) 


: 


OPERAND A OPERAND B fd DENORMALIZER 
DENORMALIZER SECTION 
SIGN a oe 
‘ALU 
MSCI SECTION 
Mq-1 
IOP, o 
2 


> sien egisTER = lt REGISTER ’ > sien egisTER = lt 


; 


SIGN EXPONENT ROUND! 
ONEN SIGNIFICAND SONGaWRtR 
ROUND/RENORMALIZE/LIMIT DEN, ZERO, INEX, LIMIT SECTION 

OVF, UNE, IOP 
_ ft 
S ns OUPUT > msw _—OUPUT REGISTER igw_!_ FLAG REGISTER | sr FLAG lls ae 
SECTION 
3i Ati 


OUTPUT MULTIPLEXER 


yry ¥ 


MSC Rig-0 NANA, NANB, ZERO, 
INEX, OVF, UNF, IOP, DEN 
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ry IX 
TMC3201 Functional Block Diagram 
AIN §-9 BINi5—0 SYNC CLK RRND, XTND 
yar 17 
CLK > LATCH A CLK /> LATCH B INPUT 
MSCI MSW LSW MSW LSW S 
na REGISTER A REGISTER B REGISTER | 
ENA 
INPUT TRAPS (co, ZERO, NANA/B, A/BDEN) SRULTIPLIER 
EXPONENT 
EXPONENT SIGNIFICAND ADDER 
ADDER MULTIPLIER SECTION 
PIPELINE REGISTER 4 
EXPONENT SIGNIFICAND RENORMALIZE! 
| ROUNDI/LIMIT 
RENORMALIZE/ROUND/LIMIT IOP, INEX, 
OVE. UNF SECTION 
MSW LSW 
or 6 17 ADEN, BDEN, 
g g ANA, NANB 
= = _ OUTPUT 
SECTION 


OUTPUT MULTIPLEXER 
ry r{? 


MSC Pig_o ADEN, BDEN, NANA, NANB, 
IOP, INEX, OVF, UNF 
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TMC3200 Pin Assignments TMC3201 Pin Assignments 

88 Pin Grid Array — G5 Package 88 Pin Grid Array — G5 Package 

Fin | name | Pin_| nome | pin | name | in| none Pin | name | in | name | rin | name | Pin | Name 
Bl | AINg: N2 M13 | NC A12 | BINg Bl | AINg N2 | Vop M13 | NC A12 | BING 
C2 | AINo M3 Li2 | Vpp Bll | BIN C2 | AINg M3 | GND 7 Bt | BiNag 
C1 | AIN, | NB L13 : AN | BING, C1 | AINyg N3 | NANA AIL | BIN, 
D2 | AIN,, M4 K12 BIO | BIN 02 | AIN,, M4 | NANB B10 | BIN4, 
D1 | AINy | NA AQ | BINZ © DI | AINyy N4 | MSC A10 | BINy3 
E2 | AINy; | MS J2 | Bo | BIN E2 | AINg M5 | OP B9 | BIN, 
El | AINy, | NS J13 AQ | BINys El | AINi N5 | OVE AS | BINgs 
F2 | AINj, | M6 | BB | BINyg F2 | AINis M6 | UNF BB | BINyg 
Fl | AINae N6 AB | ENB Fl | AlNie N6 INEX AB | ENB 
G1 | FT N? ey SYNC Gl. A N7 Vop Al SYNC 
G2. | GND. | m7 1 87 | Vpp G2. | GND M7 | GND B? | Vpn 
Hl | Vpp Ng AB | GND Hl | Vop Na | NC AB | GND 
H2 | S) | MB B6 | CLK H2 | GND MB | Pag Be | CLK 
JI} S Ng AS | ENA OT | GND Of ONS | Pg A5 | ENA 
J2 | Sp mg B5 | AINy 2 | Vpp MS | Pig B5 | AINg 
Kl | M N10 AQ} AIN, Kl | XTND N10} Py AA | AIN, 
K2 | Mg B4 | AIN» K2 | RND | M10 | Py B4 | AIN» 
Ll | My A3 | AINg Ll | GND | NI | Py A3 | AINs 
(2 | Mg B3 | AINy 2 | Vpp Mil | Pyq B3 | AINg 
M1 | My A2 | AINs M1 | ADEN | N12 | Pg A2 | AINs 
Ni | EN Al | AINe Ni | BDEN N13 | Pp Al | AINe 
M2 | GND B2 | AIN, M2 } NC M12 | Py B2 | AIN 


| Input Multiplexers And Registers 
NMLKJHGFEDC BA ——~ iti : 


Gy 0m 
~! Aig) ee 


The input section accepts the AIN and BIN operands along 
with the 8—bit instruction word which determines the A and B 
source multiplexer action, the arithmetic section operation, the 
rounding mode and data format of the operands. The clock 

(CLK) is divided by two generating the Most Significant Word 
Clock (MSCI) which is used internally for 1/0 multiplexing and 
is also available as an output, the MSC flag. 
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The AIN and BIN operands each enter on their respective 
17-bit half-width input buses. Input preload registers latch in 
the data on the input buses on the rising edge of CLK. When 
the enable controls (ENA and ENB) for the operand registers 
are LOW and AIN and BIN are selected by MUX A and MUX 


sat ennenennmemmmmmmmeee, (3, tle data present in the preload registers and the data 


TMC3200 Functional Description present on the input bus are simultaneously loaded into the 
Operand registers on the rising edge of internal MSCI. The 


The TMC3200 consists of five sections: the input multiplexers Most Significant Word (MSW) must be present on the rising 
and registers, the denormalizer, the arithmetic logic unit (ALU) edge of CLK which generates the falling edge of MSCI, and 
and pipeline register, the round/renormalizellimit block, and the —the Least Significant Word (LSW) must be present on the rising 
Output registers and drivers. edge of CLK which generates the rising edge of MSCI. The 
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synchronization contro! (SYNC) allows the user to align the 
MSCI signal with the desired phase of CLK. Initially, SYNC 
must be LOW to align the falling edge of MSCI with the rising 
edge of CLK and HIGH to align the rising edge of MSCI with 
CLK. After initial synchronization, alignment of CLK and MSCI 
will remain set as long as SYNC is held HIGH. The pipeline 
register contents are loaded into the operand register B on the 
rising edge of MSCI when ENB is LOW and the feedback 
accumulate path is selected. 


The 8—bit instruction is loaded into the instruction register on 
the rising edge of CLK and must be input at the same time as 
the MSW of the operands with which it is associated. The 
instruction word must be held through both load cycles (MSW 
and LSW input) of the data to which it applies. The instruction 
word is divided into four fields: one to control the operand 
source multiplexers {S7_g], one to select the data format 
(Mo_4}, one to control the arithmetic operation performed 
(M4—3) and one to control the rounding method (Mg). Operand 
A can be selected from two possible sources: AIN or zero. The 
B operand can be selected from three possible sources: BIN, 
the accumulate path or zero. The input and output data 
formats may differ and be selected from 32-bit floating-point, 
34-bit floating-point or 24-bit integer fixed-point formats. 
The arithmetic operation performed is selected from A + B, A 
- B, B - A, -A — B, and CONVB (Convert B to a different 
data format). The rounding method is either IEEE 
round-to~—nearest (which gives an unbiased error over a 
sequence of operations) or IEEE round-toward—-zero, also 
known as truncation. 


The input traps test AIN and BIN for the special cases of 
infinity and Not-A-Number (NAN). Internal flags which identify 
these cases are generated. If NAN is found, the NANA or 
NANB flag is set immediately and the output will be NAN 
with the Invalid Operation (IOP) flag. Infinity minus infinity 
produces a NAN output and sets the IOP flag. 


Table 1. Multiplexer A And Multiplexer B Control 


B Operand 
BIN 
ou 
BIN 
0 
100 Magnitude (AIN) Magnitude (BIN) 
101 Magnitude (AIN) Magnitude (U) 


110 0 


Magnitude (AIN) 


0 


oo 


Note: 1. The Magnitude function turns off the sign bit and applies to 


floating-point operands only. 
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Denormalizer 


This section prepares the operands by denormalizing 
(right-shifting) the smaller exponent’s significand. This section 
outputs the larger incoming exponent, the sign and the input 
trap status flags. 


Arithmetic Block 


The ALU adds or subtracts the two significands which were 
Gutput from the denormalizer section. ihe ALU Guipit, 
exponent, sign and IOP flag are transferred to the pipeline 
register on the rising edge of internal MSCI if the Feedthrough 
(FT) control is LOW. When FT is HIGH, the pipeline register is 


transparent. 


Round/Renormalize/Limit Block 


The TMC3200 supports the IEEE default “unbiased 
round-to-nearest” when Mg (round) is LOW. When Mg is 
HIGH, the device implements “round-toward—zero” which 
truncates the result. The rounding adder operates on the 
output generated from the arithmetic section and outputs the 
result to the renormalizer. 


The renormalizer shifts the rounded significand as necessary 
and adjusts the exponent. The resulting exponent is examined 
for overflow or underflow of the output data format. The 
renormalizer is disabled when converting from floating-point to 
integer and when converting from 34-bit to 32-bit IEEE 
denormalized “gradual underflow” format. 


The limiter replaces overflowing results with a signed infinity 
(full-scale positive or negative integer in fixed mode). If the 
Output is not in the “gradual underflow” mode, underflowing 
numbers are replaced with zero. A NAN output is triggered 
whenever an illegal operation (infinity minus infinity or NAN 
plus any number) is executed. In all other cases, the limiter 
will pass the result unchanged. The output from the 
round/renormalize/limit section is connected to the output 
register and also may be the input to register B through the 
accumulate path (U bus), a 34-bit feedback path. 


Output Register And Drivers 


The output section contains a 34-bit output result register, a 
6—bit output flag register, the output multiplexer and the 
output drivers. 


The output registers are clocked by internal MSCI. The 

contents of the registers are the 34-bit output from the limit 
section and the output flags. NANA and NANB are set when 
their particular input operand is NAN and will remain set until 
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a new legal operand is loaded. The arithmetic section results” 


that are flushed to NANs set the IOP flag but not the NAN 
flags. The remaining. flags become valid with their 
corresponding results and remain as long as the associated - 
result is in the output register. The flag outputs are always | 
enabled independent of the Output Enable (OE) control. 


Table 2. Instruction Decoding 


Instruction: Select 


M43 
00 
01 
10 
11 
Notes: 
i: Mo = Round 
My = Convert 
My = 34-bit 
M3 = Negate B 
Ma = Negate A 


2. For floating - point to fixed-point conversions - 
round -toward-zero is implemented. 


The output multiplexer passes either the MSW or LSW of the 
result to the output drivers. The output multiplexer selects the 
MSW when MSC is HIGH and the LSW when MSC is LOW. 
The output drivers are enabled when OE is LOW and in the 
high-impedance state when OE is HIGH. 


Mode, Round Select 
M2-9 


3. Fo and Fg are 32-bit and 34-bit floating-point. formats respectively. 


4. | = Integers (fixed-point). 

5. x = Don't care. 

6. Round = Round -to-nearest 

7. Trunc = Round -toward ~zero. | 

8. For all CONVB (convert B) instructions, the A- jarani field is ignored. 


TMC3201 Functional. Description 


The TMC3201 consists of four sections: the input registers, the | 


significand multiplier/exponent adder and pipeline register, the 
renormalizelroundilimit block, and the output registers and — 
drivers. 


Input Section 


The input section accepts the AIN and BIN operands along 
with a 2-bit instruction word which determines the data 
format of the operands and the rounding mode. CLK is divided 
by two generating MSCI which is used internally for 1/0 
multiplexing and is also available as an output, the MSC flag. 


The AIN and. BIN operands each enter on their respective 
17-bit half-width input buses. Input preload registers latch in 
the data on the input buses on the rising edge of CLK. When 


the enable controls: (ENA and ENB) for the operand registers 


aie LOW, the data. present in the preload registers and the | 
data present on the input bus are simultaneously loaded into 
the operand registers on the rising edge of internal MSCI. The 
MSW must be present on the rising edge of CLK which 
generates the falling edge of MSCI, and the LSW must be 
present on the rising edge of CLK which generates the rising _ 
edge of MSCI. SYNC allows the user to align the MSC signal 
with the desired phase of CLK. Initially, SYNC must be LOW to 
align the falling edge of MSCI with the rising edge of CLK and 
HIGH to align the rising edge of MSCI with CLK. After initial 
synchronization, alignment of CLK and MSCI will remain set as 


long as SYNC is held HIGH. 
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The 2-bit instruction is loaded into the instruction register on 
the rising edge of CLK and must be input at the same time as 
the MSW of the operands with which it is associated. The 
instruction word must be held through both load cycles (MSW 
and LSW input) of the data to which it applies. The Extended - 
Range control (XTND) selects the data format and Round (RND) 
controls whether round-to—nearest or IEEE 
round—toward-zero 1s used. 


The input traps test AIN and BIN for the special cases of 
infinity, zero, NAN and denormalized numbers. If NAN Is found, 
the NANA or NANB flag is set immediately and the product 
output will be the product NAN with the IOP flag. 
Multiplication of zero times infinity also produces a NAN output 
and sets the IGP flag. The TMC3201 is not able to process 
denormalized operands and will set the appropriate ADEN or 
BDEN flag. The product output in this case will be zero 
Corresponding to the “fast” implementation of IEEE Standard 
754. 


Significand Muitiplier/Exponent Adder 


Floating-point multiplication consists of multiplying the fraction 
fields and adding the exponent fields. Since the TMC3201 
operates only on normalized numbers, the 23 bits of each input 
fraction field are input to the multiplier array with the implicit 
“hidden bit” (which is always a one) added. This output 's 
latched by the pipeline register which follows the multiplier 
array. 


The A and B exponent fields are added generating a 
two's~complement product exponent. The result is passed 
through the pipeline registers and the exponent adjust section 
performs further processing before final output. 


The significand product, the exponent sum, the instructions, the 
IOP flag and the product sign are latched into the pipeline 
register on the rising edge of internal MSCI if FT is LOW. 


Renormalize/Round/Limit Section 


The significand is renormalized and passed to the rounding 
adder. If RND is LOW, the TMC3201 will round —to—nearest 
according to the IEEE default standard. If RND is HIGH, the 
Significand is truncated (IEEE round-toward—zero). 


The product exponent is checked for overflow or values 
greater than or equal to 205 for IEEE 32-bit format or 511 for 
extended-range 34-bit format. Underflow has occurred if the 
exponent Is less than or equal to zero in 32-bit format or 
-512 in extended-range 34-bit format. 
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The limiter forces the significand and exponent fields to 
appropriate signed infinities, zero or NAN. Overflow cases are 
forced to signed infinities, underflow and zero cases are forced 
to a signed zero, and illegal operation cases are forced to 
NAN. Also, the two status flags Overflow (OVF) and Underflow 
(UNF) are generated for output in this section. The output of 
this section is a 34-bit field, interpreted as either IEEE 32-bit 
or extended-range 34-bit data. 


Output Register And Drivers 


The output section contains a 34-bit output product register, a 
4—bit output flag register, the output multiplexer and the 
output drivers. 


The output registers are clocked by internal MSCI. The 
contents of the registers are the 34-bit output from the limit 
section along with the output flags. The flags are valid while 
the result is held in the output register except for the NANA, 
NANB, ADEN and BDEN flags. These operand trap flags are 
set when their particular input operand is a NAN or a 
denormalized number and will remain set until a new legal 
operand is loaded. The flags are always enabled independent 
of the OE control. 


The output multiplexer passes either the MSW or LSW to the 
Output drivers. The output multiplexer selects the MSW when 
MSC is HIGH and the LSW_when MSC is LOW. The output 
drivers are enabled when QE is LOW and in the 
high-impedance state when OE is HIGH. 


Om 


Signal Definitions 


Power 


Vop, GND =‘ The TMC3200 and TMC3201 operate from a 
single +5 Volt supply. All power and ground 


lines must be connected. 


Data Inputs 


AIN 16-0, 
BIN 16-0 


AIN and BIN are the 1/—bit input ports. AINyg¢ 
and BIN1g are the extension bits for 34-bit 
floating-point operation. 


Data Outputs 


R1B6-9 Rig—9 Is the 1/—bit result output port of the 
TMC3200. Ryg is the extension bit for 34-bit 
floating-point operation. 

ripe Pig—g is the 17-bit product output port of the 


TMC3201. Pye is the extension bit for 34-bit 
floating-point operation. 
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Clock 
CLK 


Controls 
ENA, ENB 


SYNC 


rm 
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The CLK frequency Is “twice. the data throughput 


rate to allow for data multiplexing. All 


operations are with respect to the rising edge | 


of CLK. CLK is internally divided by two: to 
generate internal MSCI. The rising edge of MSCI 
Is coincident with every other rising edge of 


CLK. 


Enable A (Enable B) enables register A (B) when 
LOW. Register A (B) is then loaded with the 
output of Multiplexer A (Multiplexer B) on the 
rising edge of internal MSCI. 


SYNC causes the falling edge of MSCI to be 
coincident with the rising edge of CLK when 


LOW for ts before the rising edge of CLK. This” 


signal must go HIGH for the device to operate 
properly. Bringing SYNC LOW with the incoming 
MSW and then HIGH during the LSW will 
initialize the device. 


Qutput_Enable controls the three-state outputs. 
When OE is LOW, the output drivers are 
enabled. When OE is HIGH, the outputs are in 
the high-impedance state. OE does not affect 
the flag outputs and must be held LOW for two 
CLK cycles to obtain a complete output result. 


Feedthrough controls the pipeline register. When 
FT is LOW, the pipeline register is enabled. 
When FT is HIGH, the pipeline register is 
transparent. FT is a DC control. 


Enable Instruction enables register | when LOW 
for ts before the rising edge of CLK. Register | 
is then loaded with an instruction Mq_g and 
S9_9. If ENI is held LOW, the instruction words 
must be valid for two cycles of CLK for a valid 
operation. (TMC3200) 


Source decoding selects the A and B operands 
of the TMC3200 by ee Multiplexer A and 
een B. 


These controls (instruction, mode, round seiect) 
define the various ways the TMC3200 operates. 
When Mg is LOW, the result will round-to- 


nearest (round). When Mpg is HIGH, the result 
will round-toward-zero (truncate). M9 selects © 
32 or 34-bit formats. When My is LOW, Mq 


and Mg control the A and B operands. 


XTND 


Flags © 
MSC 


OVE 


UNF 


INEX 


NANA, NANB 


ZERO 


— Extended-range 34-bit data format is in effect 


when XIND is HIGH. This control signal is 


ioaded on every rising edge of CLK. (TMC3207) 
When Round is LOW, the result will round-to- 
nearest. When HIGH, the result will round- 

toward-zero or truncate. This control signal: is 
loaded on every rising edge of CLK. (TMC3201) 


Most Significant Word Clock output synchronizes 
the data output. When the output is enabled 
and MSC is HIGH, the MSW result is present at 
the output. When the output is enabled and 
MSC is LOW, the LSW result is present at the 
output. 


Overflow will go HIGH when a floating-point 
result exponent exceeds the maximum allowed 
or when a full-scale integer result is available 
at the output. 


Underflow will go HIGH when a nonzero result 
is too small to be a normalized floating-point 
number and is available at the output. 


Inexact Result will go HIGH when a result 
fractional part is not exactly equal to the results 
of an infinitely precise calculation and the result 
is available at the output. 


Not-A-Number A and B flags will go HIGH 
when the A and B operand registers contain 
non-valid IEEE Standard 7/54 numbers. 


Invalid Operation flag will go HIGH when an 
operation is requested which cannot be properly 
executed for any reason. 


All operations which result in zero cause this 
flag to go HIGH when the result is available at 


the output. (TMC3200) 
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DEN Denormalize will go HIGH when any result with No Connects 
zero exponent and nonzero fraction is available re 
at the output. (TMC3200} NC The pin grid array version of the TMC3200 has 
one pin which 's not connected internally. The 
ADEN, BDEN A and B Operand Denormalized will go HIGH pin grid array version of the TMC3201 has three 


when the contents of the respective operand pins which are not connected internally. 


register is not a normalized IEEE Standard 754 
number. (TMC3201) 


TMC3200 Package Interconnections 


Type Name G5 Package 
Power Vo HI, N2, NB, L12, L13, G12, B7 
ee RSAC 
Data Input A Input Data 4 Fl, F2, £1, E2, D1, 02, C1, C2, 
B1, B2, Al, A2, B3, A3, B4, A4, B2 


B Input Data B8, AS, BS, Ai0, B10, A117, B11, A12, B12 
A13, B13, C12, C13, 012, D13, £12, E13 


Data Output Result Output Data M8, N9, M9, N10, M10, N11, M11, N12, N13 


M12, K12, K13, J12, J13, H12, H13, 613 


cw! Cc. mw 

= Z| 2 
o ao 

[ ames } 


lc K : 
Contra As 
AB 
Ni 
AT 
H2, Jt, 2 
a 
au 
tone C=*dSSC(‘ 
FA2 
gt 
Fags MSC NA 
N7 
| ENT —__—erormalized Resut | M3 
N5 
pF Unerfow Me 
NB 
| NANA | Not A-Number A _N3 
| NANB, | Nt-A-Number Bo M4 
a ee 
No Connection NC f Ne M13 
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TMC3200/3201 are 
TMC3201 Package Interconnections 
~ Signal Signal 
Type Name G5 Package 
Power Vpp Supply Voltage a | H1, J2, L2, N2, N7, L12, L13, G12, B7 
a TOA 
Data Input AlNig_o A Input Data | Fl, F2, £1, €2, D1, D2, Ci, C2, B1, B2, 


Al, A2, B3, A3, B4, A4, BS 


B12, A13, B13, C12, C13, D12, D13, E12, £13 
Data Output: . Product Output Data. - Ms, NS, M9, N10, M10, N11, M11, N12, N13 
Contos es re 
| ENB Enable B Register = AB 
Al 
KI 
RMT Rnd K2 
FIZ 
: 
lags MSC NA 
| ADEN | A Denormaled = mi 
| DEN |B Denrmaieed = NI 
OVE NB 
UNF ME 
pNEX reat Cd NB 
NANB | —_Not-A-Number Bo Me 
No Comecion CEN 


Data Format 


The TMC3200 arithmetic unit and TMC3201 multiplier conform 


to IEEE Standard 754, Version 10.0 data format for 32-bit 
arithmetic. These devices also have an extended-range 34-bit 
floating-point format. The two additional bits of the extended 
format are appended to the exponent field. Any two legal. 
32-bit operands can be added without generating an overflow 
if the 34-bit extended format is used for output. The ALU 
accumulate path uses the 34-bit extended format. For both 
data formats the arithmetic unit needs only two clock cycles 
to transfer a data word since the input and output buses are 
17-bit wide. 


Standard IEEE 32-Bit Floating—Point Format 


The IEEE Standard 754, Version 10.0 specifies a 32-bit data 
format for floating-point arithmetic. In this format the MSB 
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-significand. 


(bit 31) is the sign bit, the next eight bits (bits 30-23) are the 
exponent field, and the 23 LSBs are the fractional significand 
field (bits 22-0). The “hidden bit” completes the 24-bit 


Sign Bit 
The MSB carries the sign information. A HIGH for a sign bit 


indicates a negative number and a LOW indicates a positive 
number. 


Exponent Field 


The 8—bit exponent field determines whether the floating-point 
number is a signed infinity, a NAN, a zero, a denormalized 
number or a normalized floating-point number. 
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The exponent values 0 and 255 are special. If the exponent 
field is all ones (1111 1111, 25549) and the fraction (bits 22-0) 
is zero, the number is evaluated as infinity x [-1)5 with S 
being the sign bit. Any exponent of 255 with a nonzero 
fraction is a NAN. NANs are generally used to communicate 
error information and have no numerical value. 


When the exponent field is all zeros (0000 0000) and the 
fraction is also zero, the number is a true floating-point zero. 


i ral t farmoat HAvaie hath naattnin an A nanatira 
Note that this Gdia lOriniae Guovve VULII YUOILIVG qaditu NGYauvG 


zeros which are computationally treated identically. When the 
exponent is zero and the fraction is nonzero, the number Is a 
denormalized floating-point number evaluated as: 


(-1)S x 2E-126 y (OF 


where S is the sign bit, E is the value of the exponent field 
(base 10), and F is the value of the fractional field. 


Number = 


If the exponent field is neither all zeros nor al! ones, the 
floating-point number Is normalized and evaluated as: 


Number = (-1)8 x 2E-127 y (1.5) 


Note that the exponent bias has changed from 126 to 12/ and 
that 1.0 has been added to the fractional field. The exponent 
can assume values which run from -126 to +127 (0 to 254 
biased by 12/7). Note that both exponent fields of zero and one 
map onto the exponent value of -126. These provisions ensure 
a smooth transition from normalized numbers through gradual 
underflow into the denormalized numbers. 


Fractional Field 


Bits 22-0 comprise the fractional field (mantissa). There is a 
binary point assumed between bit 22 and the implied “hidden” 
bit 23. For a nonzero exponent, the hidden bit assumes a value 
of “1.” For a zero exponent, the hidden bit has a value of “0.” 
Bit 22 carries a binary weighting of 2-1. The following bits 
carry decreasing binary weights down to the LSB (bit 0) which 
carries the weight of 2-28. This is identical to treating the 
fractional part (bits 22-0) like an integer F multiplied by 2-28. 
The fractional part of the floating-point number is either 

0 + F {in the case of a zero exponent), or 1 + F (in the case 
of a nonzero exponent). 


The difference between the smallest normalized number 
(exponent = 1, fractional part = 0) and the largest 
denormalized number (exponent = 0, fractional part= all ones} 
is one LSB. The smallest normalized number is: 

exponent = -126, significand = 1.00...00. The largest 
denormalized number is: exponent = -126, 

significand = 0.11...11. 
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Extended 34-Bit Floating—Point Format 


The 34-bit extended—data format is a superset of the IEEE 
32-bit floating-point format because every number represented 
in the [EEE 32-bit format can be represented in the 34-bit 
format. The MSB (bit 33) is the sign bit; the next ten bits 

(bits 32-23) are the exponent field: and the 23 LSBs are the 
fractional field. 


Sign Bit 


The sign bit (bit 33) signifies the sign of the floating-point 
number. If the sign bit is HIGH, the number is negative. If the 
sign bit is LOW, the number is positive. 


Exponent Field 


As in the 32-bit format, the extreme exponents are special. 
The exponent field is interpreted as a 10-bit two’s- 
complement integer which can vary from 10 0000 0000 
(~51249) to 01 1111 1111 (5114Q). If the fraction is zero with 
an exponent of 511, the floating-point number is a signed 
infinity. A nonzero fraction with an exponent of 511 means 
that the number is a NAN. 


If the exponent is -512, a fraction of zero signifies a true 
floating-point zero. As in the 32-bit format, there are both 
positive and negative zeros. A nonzero fraction with a —512 
exponent signifies a denormalized number. 


If the exponent is any value other than —-512 or 511, the 
exponent value is the 10-bit two’s—complement number minus 
a bias of 12/ and the number is evaluated as: 


(-1)S x 2E-127 y (1.5) 


where S is the sign bit, E is the exponent and F is the 
fraction to which the hidden bit of 1 is added. Note that the 
exponents can be in the range of —638 (-511-127) to 383 
(510-127). 


Number = 


Two's—Complement 24-Bit Integer Format 


The TMC3200 converts data between the floating - point 
formats and a 24-bit two’s—complement integer format which 
is Sign—extended to 32 bits. 


Sign Bit 


In the integer format, the bit occupying the position of the 
exponent LSB (Eg) is the two’s—complement MSBisign bit 
whose weighting is -223. When an integer is output, the sign 
extends this bit through the normal 32-bit floating-point sign 
and exponent fields. The nine MSBs will be all ones for 
negative numbers and zeros for positive numbers. 
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Fraction Field 


The 23-bit floating-point fraction field becomes the magnitude 
portion of the two's-complement integer. The weighting is 
shifted giving the LSB a weighting of one. The numerical 
interpretation of an integer is: 


22 
| = Ep x (-223) + © F, x (2m) 
n=0 


where Fy is the 23 fraction bits and Eg is the exponent LSB. 
For integer input, the device ignores the 8 MSBs (floating - 
point sign and seven highest exponent bits) plus the 34-bit 
extension bit. 


Application Discussion (TMC3200) 


Comparisons 


One function required of arithmetic systems is the comparison 
of two quantities. The device can perform this function by 
subtracting one IEEE or extended-range number from another 
(the rounding mode is not important for this function). The 
ZERO flag and sign output will reflect the results of the 
comparison of the operands. Normalized and denormalized 
numbers and infinities can be compared. The results will be 
correct in all meaningful cases: two normalized or denormalized 
numbers in any combination, a normalized or denormalized 
number and +/-infinity, and even +infinity compared to 
-infinity. The IOP flag will be HIGH when there is no 
mathematically meaningful order to the inputs. Note that 
magnitudes (absolute values) can be compared by using the 
magnitude function of the source select segment of the 
instruction. 


Table 3. Flags For Comparison Results (Operation A — B) 


Operand A 


Norm/Denorm Norm/Denorm A>B 0 0 0 
Norm/Denorm Norm/Denorm A=B8 0 1 X 
Norm/Denorm Norm/Denorm A<B 0 0 1 
+00 Norm/Denorm 0 0 0 
Norm/Denorm 0 0 1 
0 0 0 
0 0 1 
1 0 X 
1 0 X 
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Table 4. Flag Interpretation 


Interpretation — 


A>B- 
A<B 
A=B8 
no mathematical order to inputs, 

e.g. comparison of two negative infinities. 


Reduced Microcode 


The control signals are encoded to lower the device pin count. 
Because this encoding is relatively light, applications that do 
not require the full functionality of the TMC3200 can 
permanently connect many of the control signals resulting in a 
reduced microcode set. 


The IEEE default round-to-nearest mode can be permanently 
selected by connecting Mg to a logic LOW. If the 34-bit 
extended-range mode is not used for inputs or outputs (which 
would be the situation in IEEE standard systems), Mo can be 
permanently connected to a logic LOW. Note that internal 
accumulation is always extended range. If a 32-bit output 
format is selected by the operation and mode controls, the 
flags and outputs are proper for the IEEE standard, but 
internally accumulated results are more accurate than those 
obtained by reducing the sum to 32 bits. This treatment can 
eliminate overflow or underflow errors in long accumulations. If 
magnitude operations are not required, then S9 can be 
permanently connected to a logic LOW. 


These suggestions enable the designer to reduce the number 


of instruction bits with little loss in functionality. 
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Figure 1. IEEE 32—Bit Format 


SIGN BINARY POINT 


Bly EXPONENT —_—— ————- SIGNIFICAND 
\ HIDDEN BIT aaa FRACTION 


31. 30) «29 28 :«27) 265 a 21 20 19 18 17 16/15 1 #13 #12 «+111 «+10 9 
MOST SIGNIFICANT WORD LEAST sicwiricaic woes 


mow Loe [sf er es | [ea | ea | os {Fo} Fs | Fao Fa | Fe |r| rg 
eel ee | a] Ps | SY | | 


“Not Used 16615 14 #13 «12 «11«10~=«=9 


_ Exponent 
255 


Not all zeros Not-A-Number 


(-1)8 x 00 


255 All zeros Signed Infinity 
1 through 254 Any (-1)8 x (1.F) x 26-127 Normalized Number 
0 Not all zeros (-1)5 x (OF) x 26-126 Denormalized Number 


All zeros (-1)8 x 0.0 Zero 


1. If an illegal operation generates a NAN, then F = 2000004 in the TMC3200 and F = 400000), in the TMC3201. 
2. H, the hidden bit, is one except for zero and denormalized numbers when tt Is zero. 
3. E and F are magnitude representations. 


Figure 2. 24—Bit Integer Format 


UNUSED 
| z (MSB REPLICATED) >< 24 BIT INTEGER $$$ > 
fe esa aft Jn | ease] fe | sa} of a Lo] Le] | | of ed HT, 


31. 30) «29 «28 «270 26 «625 O24 S23 22 19 8? 6] 15 614: «613)0«12)~«s* 0 5 4 
MOST SIGNIFICANT WORD ey Sscaaticail ee @u 


MSW Yo [za | | toa [ea fea fa [ea | ea | slo] | J he | | 
me i Te 6s en aS se | 


*Not Used 16615 «©14©«=«6©130:«12—aT 0D 5 8 og 2 OO 


BINARY POINT 


Notes: 
22 


Lt = -248 log + DDI 

i= 0 
2. For fixed-point inputs, the sign bit is bit 23, and bits 31-24 are don't care. 
3. For fixed-point outputs, the sign bit is replicated through bits 31-23. 
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Figure 3. Extended 34-Bit Format 


SIGN 


BIT 
EXPONENT SIGNIFICAND 
HIDDEN BIT 
$$$ $$$ __________________ Fraction : 


33 32 «31 29 28 27 26 25 26 | 
MOST SIGNIFICANT =e ie Sis sais 
| ‘BINARY POINT ! | | 


MSW 


Exponent 


511 Not all zeros Not-A-Number 

511 All zeros (-1)8 x 00 Signed Infinity 

-511 through 510 Any (=1) x (LF) x 26-127 Normalized Number 
—512 Not all zeros (-1)5 x (0.F) x 2E-126 Denormalized Number 


-512 All zeros als x 0.0 Zero 


Notes: 
= 1. If an illegal operation generates a NAN, then os = 200000}, in the TMC3200. and F = 400000, in the TMC3201. 
8 
kes - 2, +.) 2e; (true exponent = E-12/ as in IEEE Format) 
i= 0 | | - 
22 22 
Significand = 22 + YL 2-4e ite > -512 Significand = L 2-2 if = -512 

ol : eo 


3. H, the hidden bit, is one except for zero and denormalized numbers, when it is zero. 

4. F is a magnitude number. 

5. E is a 10-bit two’'s-complement number. Note that the IEEE exponent is a subset of the extended-range exponent. 
6. S, the sign bit, is in the LSW’s MSB position. 


Figure 4. Synchronization Timing Diagram 


Rel ee 
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Figure 5. TMC3200 Non—Accumulate Mode Without Pipelining Timing Diagram 
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Figure 6. TMC3200 Non—Accumulate Mode With Pipelining Timing Diagram 
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VY 
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Nas Cae ee INPUT FLAGS | INPUT FLAGS, INPUT FLAGS, INPUT FLAGS3 


FLAGS a | 
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“ty 
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Figure 7. TMC3200 Accumulate Mode Without Pipelining Timing Diagram 
Wee. Nee eae. Vas Gee Nat wae ~ 


MSCI 


A GPERAND (24-BITS) Ag Ay A Ma ‘ Aa / Ms /\ 


MULTIPLEXER B SELECT - : 
(Sp WITH Sy = S, = LOW) : / . 
Ag + By 


LSW Ww MSW LsW MSW Lsw 
mA ye a a 
Ay + By + Ag Ay + By + Ad + Ag Ay + By + Ay + Ag + Ag 


Figure 8. TMC3200 Accumulate Mode With Pipelining Timing Diagram 


CLK 


PRI NS ef RT RT OT OT OTT OP OP OT OTOL 
wut cain) X MSG OX tsy OX MSW, YX sy XK MSM DX tSW2 DX MSWg DX ESWs OX _MSMa OX tSWy XX MSVHg AX tSWg XMS XC LS XC MSW) YX LSiy XMS X1Sy_) 
MULTIPLEXER B SELECT = 
{Sp WITH Sp = S, = LOW) / 


MSW LSW MSW Lsw MSW 
Ag+ By = Ag + By «Ay + By Ay + BY a ae [Y~ ye 
+ Ay + By + Ag + As 


Ay + By + Ap Ay + By + Ag Ag + By + Ap + Ay 


Figure 9. TMC3201 Multiplication Mode Without Pipelining Timing Diagram 


a ee ee 
s | ‘4 

i BN AX IARIX AAU ALAN SU ALA EU ALA AKU AAAS SAIN) = 

FLAGS ) | | | | 

cn (>X grr sXe 


D 


OVF, UNF) 


a 
| 
ried Cn nn 
‘ois 


| teNA | 
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Figure 10. TMC3201 Multiplication Mode With Pipelining Timing Diagram 


XXXXXXKY 


iN Bn) XXX MSHOK OK SHOX HS) AAAS KAK RAK SNAKE XX isa XBMC SEK AMEX HEX) 
NANA, TTF) INPUT FLAGS, INPUT FLAGS, INPUT FLAGS; 
AB DEN} Coe Oy had ci NeteMlane ie, fom. = Sere 
/-— tp —| 
FLAGS | 


- OVE, UNF) 
tp 


~- to A 
| | 
aurur OX Ma YX tsWo XMS) Xs XMS) 
| Ra 
‘ois 


tENA | 


dE 
| | 


Figure 11. Equivalent Input Circuit Figure 12. Equivalent Output Circuit 


Vpp | Yop 


n SUBSTRATE n SUBSTRATE 


Di P Di 


p+ 


CONTROL 


INPUT OUTPUT 


= GND = GND 


Figure 13. Threshold Levels For Three—State Measurements 


THREE- STATE 
OUTPUTS 


0.5V 
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Absolute maximum ratings (beyond which the device may be damaged) | 


Supply Wobteage ..sesssssssnsnsensensnseseenonntasestentnanentssteseestientannstnetaneantnttststergseneeerstastasesenanuarasiaseannaesasenanntsieeseeaeeteesrsstseateserereerenstt _ -0.5 to +7.0V 
DiMiDUNE WOR MRR cect cscs easton cg de aspen say creo tv ehvathnsSbccadsea aloe tase ioe I othe eee aan ead ria -05 to pp + O.5)V 
Output | 
Appi VOM ahe © cnc cetera cates tate hte cal cea ate acetate tag pale tesa -0.5 to Vpp + O.5)V 
Fotced (GUNeNt 9 aisd.c sctcencetresttenet pecs Atle an naa Tes onc le ee A enn reese Care nee er moaneaas ~{.0 to 6.0mA 
Short circuit duration (single output in HIGH state to Ground) .........ssssssssssssscccsssssssssessssssssssvsesssssessssssssssssssscessesssssssssssnssssssssessesssssesesaceunsenssnsaneneen 1 second 
Temperature 
MY RRE RUIN = GASB couse es cate peso exer taeshi savant couse oo tu cases ood sns cdo SadeG nda maa vv do easease aa a pvt aauastateiceeccve ten taccearoatccems ae -60 to +130°C 
PRUENISTUOOIY laf searched cash caccean sues eblucechat concen doce bcsdchad sedstsceadeneate atv duatongbesadkasbeh sas car anaes Mean coemen oe ren ee eee 175°C 
LDeidlsSOUC ORIN UTM: “SEC TMAS) & sscssasesacectsscecet sea qincas avec ta bude dk co bes ducal bento aveidvvssonsata cmb teaaa ek oceans adie Aah Sean oteeran saree teen an alia le 300°C 
NOLO RIG: is8 Sencar ous Se ois chee begtecacencnha ps eSteae ves seaeeacstaesvuccuanavotepnceedestubosobovusssbe abused Iie ord leas Soa dM Teceens Stats ciebasntaee tans eects -65 to +150°C 
Notes: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


Temperature Range 


| 


Yoo __ Sin Vota a 


Ty___Anbiont Temperate, sil ro | | mT | 
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DC characteristics within specified operating conditions ' 


Temperature Range 


Standard Extended 
Parameter Test Conditions | Min | Max | | Min | Max | Units 
Ippo Supply Current, Quiescent Vop = Max, Vin = OV, OE = 5V Pf ow Po mA 
Inny Supply Current, Unloaded Vpp = Max, f = 16MHz, OE = 5V ea ae Sane mA 
Ino, Supply Current, Loaded? Vpp = Max, f = 18MHz, OE = OV, Cigan = 40pF] = | S50 S| Tom 
1; Input Current, Logic LOW Vop = Max, Vin = OV Py a0 HA 
ly Input Current, Logic HIGH Vpop = Max, Vin = Yop a HA 
Vi, Input Votage, Lone LOW ee ee 
Vi Input Voltage, Logic HIGH ae a Ee a 
TMC3201, (Except CLK) i ee ee ee ee 
Vo, Sutput Voltage, Logic LOW Vop = Min, Ig, = 4mA i aa V 
. Voy Output Voltage, Logic HIGH Vop = Min, Igy = -2mA CT ee ee 
loz, Hi-2 Output Leakage Current, Output LOW FVpp = Max, Vin = OV Pf af] an | LUA 
lozH Hi-Z Output Leakage Current, Output HIGH|Vpp = Max, Vin = Von re uA 
log  Short-Circuit Output Current Vpp = Max, Output HIGH, one pin to ground, mA 
one second duration max. 
C; — Input Capacitance Ty = 25°C, f = IMHz ar a pF 
Cg Output Capacitance Ty = 25°C, f = 1MHz a 
Notes: 


1. Actual test conditions may vary from those shown, but guarantee operation as specified. 
2. Worst case, all inputs and outputs toggling at specified rate. 
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TMC3200/3201 w0rew 
AC characteristics within specified operating conditions 
| 7 Standard 
Parameter . — Test Conditions | Units 


teyp Cycle Time, Pipelined TMC3200, Vpp = Min | . -_ 


TMC3201, Vpp = Min | 


tcyy Cycle Time, Non- Pipelined TMC3200, Vpp = Min 
fae ae et TMC3201, Vpn = Min 

tpyy Clock Pulse Width, LOW Vpp - Min 

tpyH Clock Pulse Width, HIGH Vop = Min 


ts Input Setup Time | ~ | TMC3200, (Except ENI, ENA, ENB) 
~ (ENA, ENB) 
TMC3201, (Except ENA, ENB) 


(ENA, ENB) 
ty Input Hold Time TMC3200, (Except ENI, ENA, ENB) 


TMC3201, (Except ENA, ENB) 
(ENA, ENB) Ze 


Vpp = Min, Ciqap = 40pF 
TMC3200, (Except NANA, NANB) 
(NANA, NANB) 


_ tp . Output Delay 


tyg Output Hold Time Vop = Max, Cigap = 40pF 


tena Three-State Output Enable Delay | Vop = Min, Cigap = 40pF 
TMC3200 
T™MC3201 

tpig ‘Three-State Output Disable Delay ' Vpp = Min, Cigap = 40pF 
TMC3200 
T™C3201 


Note: 


1. All transitions are measured at a 1.5V level except for tpj¢ and tea. 
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TMC3201, (Except ADEN, BDEN, NANA, NANB) 
(ADEN, BDEN, NANA, NANB) 
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TMC3200, TMC3201 arn 


STD-Tpj=0°C to 70°C Commercial 88 Pin Grid Array 
EXT—Te= —55°C to 125°C High Reliability 88 Pin Grid Array 


STD—Tpj=0°C to 70°C Commercial 88 Pin Grid Array 
EXT—Te= —55°C to 125°C High Reliability 88 Pin Grid Array 


All parameters contained in this Spécitication av yudianiteu vy Uesigi, Characterization, sampie testing or |UU% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Ordering Information 


Product 
Number 


TMC3200G5C 
TMC3200G5A 


TMC3201G5C 
TMC3201G5A 


Package 
Marking 


3200G5C 
3200G5A 


3201G5C 
3201G5A 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LS! Products Inc. against all damages. 
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MIL-STD-1750A Floating/Fixed-Point Accelerator 


32-Bit, TOMFLOPS 


The TMC3202 is a floating-point arithmetic unit and 
multiplier which adds, subtracts or multiplies floating- 
point numbers expressed in the single-precision (32-bit! 
MIL-STD-1750A format. The TMC3202 also supports 
single-precision (16-bit) integer multiplication (two's 
complement and unsigned) as well as conversion 
between fixed and floating-point formats. The TMC3202 
can perform at a throughput rate of up to 1OMFLOPS 
(Million Floating-Point Operations Per Second} in pipe- 
lined mode. In feedthrough mode (pipeline registers 
transparent}, it will operate at a rate of up to SMFLOPS. 


All data and instruction inputs are registered. The 32-bit 
operands are loaded using 16-bit, half-word input buses. 
The input stage consists of preload registers to permit 
user controlled loading of the operands. The operands 
and controls can be loaded on the rising or falling edge 
of the system clock. Separate enable controls are 
provided to control independently the loading of AIN and 
BIN operands, pipeline modes and output registers. The 
32-bit result is output on a 16-bit output bus as two 
consecutive words using synchronous and asynchronous 
word select and three-state controls. Three status flags 
are included to indicate zero, positive or negative results. 
Three pending interrupt flags are included to indicate 
floating-point overflow, floating-point underflow and 
fixed-point overflow. For diagnostic purposes, the internal 
pipeline register can be configured into a serial scan 
path for off-line scan testing. The TMC3202 is built 
using TRW's OMICRON-C™ one-micron CMOS process. 


The TMC3202 floating-point arithmetic unit enhances the 
speed of MIL-STD-1750A processors by performing high- 


speed floating and fixed-point operations. Many digital 
signal processing algorithms such as vector operations, 
matrix arithmetic and Fourier Transforms, in systems 


which require large dynamic range and low signal-to- 


noise ratios, will benefit from the TMC3202. 


Features 
e MIL-STD-1750A 32-Bit Floating-Point Addition And 
Multiplication, 16-Bit Fixed-Point Multiplication 


e Conversion Between 32-Bit Floating-Point And 16-Bit 
Integer Fixed-Point Formats 


1OMFLOPS Pipelined Throughput Rate, SMFLOPS 
Feedthrough Rate 


Three-Bus Architecture For High Throughput 


Selectable Pipelining With One, Two Or Three 
Register Latency 


Serial Scan Mode For Diagnostics (Pipeline Register) 
Selectable Positive Edge Or Two-Phase |/0 Clocking 

e All Inputs And Outputs Registered And TTL Compatible 
e Low Power CMQS Construction 

e Available In An 84 Leaded Ceramic Chip Carrier 


Applications 


e Matrix Operations And Geometric Transforms 


e Arithmetic Element In Microprogrammed Array 
Processors 


e Floating-Point Digital Filters 

e Fast Fourier Transforms 

e Radar And Sonar Signal Processors 

e Co-Processor To 1750A Microprocessors 
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TMC3202 — RW 


Functional Block Diagram 


ENA 
OES ENB , 3 - 
ENS MLS EN! OP,., FTI AINys .9 BINGs .9 


wn Yo % ¥, 
agen nr 


PHASE Us ) > NS REGISTER IP REGISTERAM § ~f REGISTERAL |” REGISTER BM Ped S REGISTER BL 


> > > 
CLK 
fe fe 


> REGISTER E |e K,, REGISTER | es K, _ REGISTER A PK, REGISTER B 
a: 
| | XPONENT COMPARE/ADD, SIGNIFICAND ADD/MULTIPLY 


E 
| 7 EXPONENT SIGNIFICAND 


S| 
SERIAL 
INPUT 
a 
Ci SCAN MODE 
PIPELINE/SCAN REGISTER 
FTP oe BS FEEDTHROUGH 
; SO 
LSB SERIAL 
OUTPUT 
EXPONENT . SIGNIFICAND 
INSTRUCTION RENORMALIZE/LIMIT 
U . OUTPUT REGISTER 
> 
SELECT (1 =MSW : 
) > Ui OUTPUT MULTIPLEXER 
MLA 
ENABLE (1 = ENABLE) 
OEA Be oe \/ \ / 
16 - 6 
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t, a) 0, 
FPO, FPU, FXO 21151A 
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Pin Assignments — 84 Leaded Ceramic Chip Carrier, L3 Package 


ALA 


AINi9 64 
AINy, 65 
AINy2 66 
AINy3 67 
AINy4 68 
AINy5 68 
ENB 70 
ENA 71 
EN 72 
Vpp 73 
GND 74 
CLK 75 
OPy 76 
OP; 77 
OP) 78 
OP; 79 


PIN 1 IDENTIFIER LOCATED ON 
THE BOTTOM OF PACKAGE 


(TOP VIEW) 


MLS 80 
OES 81 
MLA 82 
OEA 83 
Vpp 84 


UU 


ST 


oS 22322 5.322 


Functional Description 


General Information 


The TMC3202 consists of five sections: input registers, 
arithmetic block, pipeline/scan register, renormalize/limit 
section and the output register/multiplexer. 


Input Section 


The input section consists of the operand and instruction/ 
control preload registers, main registers, and the clock 
phase control. 


The input section loads the operands, the enables and 
the 4-bit instruction word. All operands and synchro- 
nous controls are loaded into preload registers before 
being transferred to the main instruction and operand 
registers on the subsequent rising edge of CLK. The 
32-bit A and B operands are input on 16-bit wee bus 
Operand loading is controlled by the enables (ENA i, ENB) 
the input feedthrough (FTI) and the clock phase PHASE} 
controls. 
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A 


42 BIN 
41 BING 
40 BIN 
39 BINg 
38 BIN 
37. BIN 
36 BIN, 
35 BINg 
34.«Si 

33 GND 
32 Vpop 
31 ENS 
30 FTP 
29 FTO 
28 Vop 
97. GND 
26 SO 
25 Ro 

24 «Ry 

23 Ro 

22 R3 


(BOTTOM VIEW) 


PIN 1 IDENTIFIER 


21060A 


The PHASE input allows the user to load the preload 
registers on either the rising edge or falling edge of the 
system clock. When the PHASE input is HIGH, the pre- 
load clock and the system clock are ‘in phase’ and 
preload registers are loaded on the rising edge of CLK. 
PHASE=LOW causes the preload registers to be loaded 
on the falling edge of CLK (preload clock becomes CLK). 
This control allows the user to input full 32-bit operands 
during one clock period (see Timing). 


The input feedthrough control (FTI) determines the 
loading sequence for the A and B operands (MSW or 
LSW first], while the register enables (ENA, ENB) control 
the loading of the 32-bit A and B operands into the 
main registers. To load Register A/B, the first 16 bits are 
loaded into the preload register (MSW or LSW), with 
ENA/ENB set LOW. The second half of the operand is 
then placed on the AIN and BIN input bus. 
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Input Section (cont.) 


The following rising edge of CLK causes the data in the 
preload register and the data on the AIN (BIN) bus to 
be strobed into the 32-bit main operand register. 


Preload registers are also included for the instruction 
(OP3_g}, synchronous output controls {QES, MLS} and the 
scan enable (ENS). The Op Code register is used to align 
instructions with data. Loading is controlled by the 
instruction enable (ENI). When ENI is LOW, the instruc- 
tion register is loaded on the next rising edge of CLK 
and all pipeline registers are enabled. When ENI Is 
HIGH, loading of the instruction and pipeline registers Is 
disabled for the next clock rising edge, allowing execu- 
tion to be suspended. The ENS and OES inputs are 
always loaded on the rising edge of CLK. 


Table 1. Preload Register Operation 


Inputs Preload Register Action 
CLK | PHASE| FTI] AM, BM| AL, BL| IP (Instruction) 
tf | of teas | pass | toee 
uc {| 9 | 14 pass | load | load 
at | 1 | of hold | pass | _ hold 
| tft pass | hold | hold 
Ff 1 [| of toad | pass _| load 
F {| 1 | 14 pass | toad | toad 
F {| 0 | 0} hold | pass | hold 
= [0 [1] pass [hod [tov 
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Other controls are provided for selection of pipelining and 
serial scan modes. The internal pipeline register and the 
output register can each be set for pipelined or feed- 
through modes. Setting FTP HIGH makes the internal 
pipeline register transparent and a HIGH on FIO causes 
the cutout register to be transparent. A LOW on either 
of the inputs enables the respective register. These 
controls allow the user to select one, two or three 
register delay operation. Changing the feedthrough 
controls (FTI, FTP, FTO) during operation is not recom- 
mended. Doing so may cause undefined operation and 


~ results. 


The ENS control is used to select the scan mode for the 
internal pipeline register. When ENS is LOW, the parallel 


_ pipeline register becomes a serial shift register for test 


and diagnostics. Detailed operation and formats are 
discussed under the Pipeline/Scan Register section. 


Arithmetic Block 


The arithmetic block performs the operation defined by 
the instruction Op Code (OP3-9). For multiply operations 
the exponents of the A and B operands are added and 
the significands multiplied together before being passed 
to the pipeline register. 


For addition and subtraction, the operand with the ~ 
smaller exponent will have its significand right shifted 
and its exponent incremented until the two exponents 
match. Once the significands are aligned they are 
added/subtracted and the result passes to the pipeline 
register. 


Detailed operation of each instruction is described in 
Table 3. | 
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Table 3. TMC3202 Instruction Operation 


OP3.9 | Function | A-Data | B-Data | Result_ Operation 

0000 A+B FP FP FP Floating-point addition. Result truncated towards negative infinity (per 
MIL-STD-1750A). 

0001 AxB TC TC TC Multiply 16-bit two’s complement integers (uses MSW data fields), with 
32-bit two's complement result. 

0010 AxB TC TC TC Multiply 16-bit two’s complement integers (MSW data field), with 16-bit 
TC result. Fixed-point overflow for products less than 8000, or greater 
than 7FFFy. 

0100 A-B FP FP FP Subtract B from A in floating-point, truncate result towards negative 
infinity (per MIL-STD-1750A). 

0101 Mixed mode integer multiplication with 32-bit two's complement result. 

0110 FLOAT B X 1G FP Convert 16-bit fixed-point B to a 32-bit floating-point value with 
truncation towards 0 (per MIL-STD-1750A). 

0111 ABS B X FP FP Absolute value of B. Positive numbers passed, negative numbers two’s 
complemented. ABS value of (800000 7F),, is (7FFFFF 7F)y with FPO flag 
set. 

1000 —-A+B FP FF FP Subtract A from B in floating-point, truncate result towards negative 
infinity (per MIL-STD-1750A). 

1001 Mixed mode integer multiplication with 32-bit two's complement result. 

1010 DEN B FP FP FP Right shift (with sign extension) the significand of B according to 
(Exp A—Exp B), truncating towards negative infinity. 

1011 NEG B X FP FP Two's complement B operand. (800000 7Fjy—> 7FFFFF 7Fy with floating- 
point overflow, 400000 80,;-~ 000000 00); with floating-point underflow). 

1100 COMPIA, B) FP FP X Subtract B from A in floating-point and update flags. (Note: Ry5_.q Output 
is undefined.) 

1101 Unsigned integer multiplication with 32-bit unsigned magnitude result. 

1110 FIX B X FP TC Convert floating-point B to 16-bit two's complement integer, truncating 
towards 0 (per MIL-STD-1750A). FXO flag set for EXP B>15. 

1111 NORM B X FP FP Normalize floating-point B operand. Normalized numbers are passed 
unchanged, denormalized numbers are normalized before being output. 

Notes: 1. Integer multiplication with the least-significant 16-bits of the product output on the MSW cycle of Ry5 9. 


2. Abbreviations: FP — 32-bit floating-point numbers represented in MIL-STD-1750A format. 
TC — 16-bit fixed-point, two's complement numbers (MIL-STD-1750A) input on MSW (LSW ignored}. 
UM — 16-bit fixed-point, unsigned magnitude numbers input on MSW. 
X — Don't Care. 
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Pipeline/Scan Register 


The pipeline/scan register is used to store the partial 
product of the arithmetic block and for serial scan 
testing. This register can be made transparent (feed- 
through operation) by setting FTP HIGH. When FIP Is 
LOW, the register is enabled. In pipelined mode, the data 
will hold when ENI is HIGH and be updated on the 
rising edge of CLK when ENI is LOW. 


Setting ENS LOW converts the data portion of the 
pipeline register into a serial shift (SCAN) register. The 
instruction portion of the register (OP3_9) remains in 
parallel mode. This feature allows the user to shift out 
the current pipeline register contents and shift in/out 


arbitrary bit patterns for test and device verification. 


The pipeline/scan register is a 69-bit register with the 
format shown in Figure 7. Serial inputs are loaded 
through the SI input with the appropriate setup and hold 
time requirements while the serial output of the register 
is available on the SO output. The user may load inputs 
through the normal operand registers and shift out the 
current contents of the scan register or may load 
diagnostic values into the register and read the output of 
the TMC3202 to verify logic. Values shifted into the 
register are used to form the result output as shown by 
Figure 1. 


Figure 1. Scan Register Format 
| INPUTA 


NEN 
, EXPONENT 49 


INPUT B 


EXP 9 9 
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Renormalize/Limit Section 


The renormalize/limit section normalizes the significand of 
the result, detects and generates flags for exception 
conditions, and sets the result to maximum or minimum 
values for overflow and underflow respectively. To nor- 
malize floating-point results, the significand is shifted left 
and. the exponent decremented by one for each position 
shift until the first two bits of the significand differ. If 
the exponent reaches its minimum value before the 
significand 1s normalized, underflow occurs, both the 
significand and exponent are set to zero, the ZERO and 
floating-point underflow flags (FPU) are set HIGH. 


Floating-point results which have exponents of greater 
than 7Fy set the floating-point overflow flag (FPO) HIGH 
and then force the result to 7FFFFF 7Fy for positive 
overflow and 800000 7Fy for negative overflow. 


Fixed-point multiplication with a 32-bit result can never 
cause an overflow. A fixed-point overflow (FXQ) will 


occur, however, in integer multiplication with a 16-bit 
result when the product exceeds 7FFFY for positive or 
80004 for negative results. Fixed-point overflows may 
also occur as a result of the DENormalize instruction 
when Exp B> Exp A, or the FIX instruction when 

Exp B > 15. 


Output Multiplexer, Registers and Drivers 


The 32-bit output register and 6-bit flag register are _ 


clocked by the rising edge of CLK and enabled by ENI. 


The result is output through the three-state 16-bit output 
port. This port uses a 2-to-1 output multiplexer to select 
between the MSW or LSW. Selection of MSW or LSW 
is done using either the synchronous (MLS) or asynchro- 
nous (MLA) mux select controls. The data and status 
flags are enabled and disabled using the synchronous _ 
and asynchronous output enable controls OES and OEA. 
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Output Multiplexer, Registers and Drivers (cont.) 


The output register can be made transparent for feed- 
through operation using the Feedthrough Output (FTO) 
control (FTO=HIGH). In pipelined mode (FTO =LOW), the 
output register is clocked on the rising edge of CLK if 
the enable (ENI) was LOW during the previous preload 
clock. It holds if ENI was HIGH. 


Signal Definitions 


Power 


Vpp, GND The TMC3202 operates from a single +5V 
supply. All power and ground lines must be 
connected. 


Data Inputs 


AIN45-q — AIN ts the 16-bit input bus for the A 
operand. Both the MSW and LSW of the 
operand are loaded through this bus. 


BIN45.9 BIN is the 16-bit input bus for the B 
operand. Both the MSW and LSW of the 
operand are loaded through this bus. 


Sl Serial input to the pipeline register. This 
input allows data to be serially loaded into 
the pipeline register for test and diagnos- 
tics. Data is shifted in on the rising edge of 
CLK. 


Data Outputs 


R15-0 The three-state R-bus is used to output 
results from the TMC3202. The output 
multiplexer selects between MSW and 
LSW outputs and the three-state controls 
are used to activate the bus. 


SO Serial output data. SO is the value shifted 
out of the pipeline register when in serial 
mode (ENS =LOW). Data are shifted out on 
the rising edge of CLK. This output is 
always active. 


Clock 


CLK The TMC3202 is operated using a single, 
TTL compatible clock for all internal opera- 
tions. Data are loaded into preload registers 
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on the rising or falling edge of CLK. All 
other internal operations are referenced to 
the rising edge. When PHASE Is set LOW, 
the preload registers are loaded on the 
falling edge of CLK. 


DUIACE AAtAveAstKAS tha nlaanl AAAR 
PP tAAOL determines UIG LIUUR Guy G 


preload registers. If PHASE is HIGH, the 
preload registers are loaded on the rising 
edge of CLK. If PHASE is LOW, the preload 
registers are loaded on the falling edge of 
CLK. Setting PHASE LOW allows 32-bit 
operands to be loaded in a single clock 
cycle (16-bit loading on each rising and 
falling edge}. 


ENA is a registered enable for register A. 
This input is loaded into the IP preload 
register. When HIGH it enables loading of 
the operand into the main register on the 
first CLK rising edge following the preload 
clock. 


ENB is a registered enable for register B. 
This input is loaded into the IP preload 
register. When HIGH it enables loading of 
the operand into the main register on the 
first CLK rising edge following the preload 
clock. 


ENI is a registered enable for the instruc- 
tion, pipeline, and output registers. This 
input is loaded into the IP preload register. 
It determines operation on the next rising 
edge of CLK. When HIGH on the previous 
preload clock, internal operation will be 
disabled for the next rising edge of CLK. 
When LOW, operation is enabled. 


ENS is a registered enable for the serial 
scan mode. It converts the parallel pipeline 
register into a 69-bit serial input, serial 
output shift register to allow testing of the 
internal logic. The instruction pipeline 
remains in parallel mode. It takes effect 
one (PHASE=HIGH) or two (PHASE=LOW) 
clock cycles after being set LOW. 
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Controls (cont.) 


OEA, OES 


MLA, MLS 


OP3-9 


FT| 
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Asynchronous (OEA) and synchronous (OES) 
output enables. OES is a registered control 


_ which enables the result and status flag 


output drivers. OES is loaded into the IP 
preload register and internally registered. 


control. These inputs are exclusive-ORed 

to enable the output. When they differ 
(XOR(QES, OEA)=1) the outputs are 
enabled: when they are equal (XOR(QES, 
OEA}=0) the output is in high- impedance. 
In normal operation, one signal is wired 
HIGH or LOW and the other is used as the 
output enable. 


Asynchronous (MLA} and synchronous (MLS) 
output mux selects. MLS Is a registered 
control for the selection of MSW or LSW. 
MLS is loaded by the preload clock. MLA 
is an unregistered, asynchronous select. 
These inputs are exclusive-ORed to select 
the 16-bit output word. When they are 
equal (XOR(MLS, MLA)=0) the LSW is 
output, when they differ (XOR(MLS, 

MLA} =1} the MSW is output. In normal 
operation, one signal is wired HIGH or 
LOW and the other used as the output 
mux select. 


Instruction operation code. These bits 
determine the operation to be performed 
by the TMC3202 (see Jable 3). The 
instruction is first placed into the preload 
register, then loaded into the main instruc- 
tion register if EN! was LOW on the 
previous preload clock. 


Feedthrough control for the A and B 
operand preload registers. FT| determines 
the loading sequence for the main operand 
register. When FTI is LOW, the MSW (AM, 
BM) is loaded into the preload register 
first. When FTI is HIGH, the LSW (AL, BL) 
is loaded first. 


FTP 


Feedthrough control for the internal pipeline 
register. When FTP is HIGH, the pipeline 
register is transparent. This control should 
not be changed during PpElANen | 


Feeathrough control fo phe uiput register. 


When FIO is ae the output register is 
transparent. This control should not be 
changed during operation. 


Status Outputs 


FPO 


FPU 


FXO 


ZERO 


POS 


NEG 


The floating-point overflow flag indicates 
that the exponent of the floating-point 
result has exceeded 7Fy. This flag can be 
used to generate a ‘pending interrupt’ to 
the 1750A processor. 


The floating-point underflow flag indicates 
that the floating-point result is too small to 
be normalized but is not precisely zero. 


‘When this flag is HIGH, the output has 


been forced to zero by the limiter. This flag 
can be used to generate a ‘pending 
interrupt’ to the 1750A processor. 


Fixed-point overflow flag indicates that the 
16-bit multiplication result exceeds 7FFFY 
(maximum positive) or is less than 8000} 
(maximum negative}. This flag will also be 
set for DEN instructions when Exp B> Exp 
A, and for FIX instructions when Exp > 15. 


This flag is set HIGH if the result of any 
Operation results in zero (floating-point or 
fixed-point). Both the exponent and signifi- 
cand are set to zero. This flag is also set. 
for underflow conditions, in which the 
limiter forces the output to zero. 


This flag indicates that the result is greater 
than zero. 


This flag indicates that the result is less 
than zero. 
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Package Interconnections 


Eee 
Data Input AIN15_9 A Input 69, 68, 67, 66, 65, 64, 63, 62, 
61, 60, 59, 58, 57, 56, 55, 54 
B Input 50, 49, 48, 47, 46, 45, 44, 43, 
34 
Data Output Result Output 8, 9, 10, 13, 14, 15, 16, 17, 
18, 19, 20, 21, 22, 23, 24, 25 
26 
Controls PHASE 52 
___ENA m1 
70 
EN 7 
31 
83, 8 
MLA, MLS 82, 80 
i 
30 
2 
Flags 
FPU 
2 
NEC 


Data Formats 


The TMC3202 conforms to MIL-STD-1750A (notice 1, also performs multiplication on unsigned, 16-bit integer 
May 1982) data format for single precision floating- — numbers. 
point and 16-bit fixed-point arithmetic. The TMC3202 
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Figure 2. MIL-STD-1750A 32-Bit Floating-Point Format 
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The numerical value of a 1750A floating-point number 
can ‘be interpreted as: 


Number = F « 2E 


The two's complement, fractional part (F} is interpreted 
as: | 
23 
Sg+2 Sn ° 
(2 


F = (-20). (2—N) 


The exponent, represented as two's complement integer, 
Is interpreted as: 


6 


E = (-2-7/) « Ey+¥ Ep « (20) 
n=0 


Figure 3 MIL-STD-1750A 16-Bit Fixed-Point Format 
MSB LSB 


sft. Ts 
divine 
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The TMC3202 supports the MIL-STD-1750A 16-bit fixed- 
point multiplication and conversion between fixed and 
floating-point formats. These operations ignore the data 
on the least-significant-half (LSW) of the 32-bit data. The 
1750A single precision, fixed-point format is a 16-bit 
two's complement number, interpreted as: 


NOT USED 


45 
Number = (—219) » Sg+X Sp, « 2[19—n) 
n 


=1 
Timing 
The following diagrams show timing for various modes of 


operation. Input timing is independent of the number of 
internal pipeline delays and dependent only on selection 


of single phase (rising edge loading) or two phase (rising 
and falling edge) input clocking. | 


PHASE = FTP = FTO = HIGH 


This mode uses registered inputs while the pipeline and 
output registers are in feedthrough mode. On cycle-2 the 
enable controls are set LOW and MSW and INSpo are 
loaded into preload registers. The next cycle loads LSWo 
and MSW into main operand registers. The user must 
wait for the output delay (tp) before the result output 
becomes valid. When using the synchronous mux select 
(MLS), the device requires two cycles to output a full 
32-bit result. The maximum operating speed is limited by 
the output delay time (tp). In Figure 4, cycle-3 loads the 
operand register and the output becomes valid after tp. 
The following cycle loads the MSW into preload 
registers and outputs the second half of result 0. 


Use of the asynchronous mux select (MLA} may allow 
the user to operate the device at higher speeds than the 
tcy specified for FIP=FIO=HIGH. Two phase clocking 
may be preferred when using onmOuE mode (see 
Figure 7). 


PHASE =FTP = HIGH, FTO=LOW 


This mode registers the inputs and has one internal 
pipeline delay. For applications using one pipeline, 
enabling the output register (FTO =LOW) is recom- 
mended. The mode FIOQ=HIGH and FIP=LOW Is not 
recommended since no increase in speed is obtained and 
the internal logic delays are greater. Two cycles are 
required to load the 32-bit operands (cycles 1 and 2) 
and the first result appears on the output two cycles 
(cycle 4) plus an output delay (tp) later. 


PHASE = HIGH, FTP=FTO=LOW 


All internal registers are enabled in this mode. Inputs are 
loaded on cycles 1 and 2 and the first result is available 
on the output four cycles (cycle 6) plus an output delay 
(tp) later. 
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PHASE = LOW, FTP=FTO=HIGH 


This mode allows the user to load the full 32-bit input in 
one clock period. The first 16 bits (MSW) are loaded 
into preload registers on the falling edge of CLK. The 
next rising edge loads the preload register and the LSW 
data into the main register. The output is valid after the 
delay time (tp) for FIP=FTO=HIGH. Synchronous output 
controls (OES and MLS) are sampled on the clock falling 
edge only. The user may prefer to use the asynchronous 
controls for this mode. 


FTP=HIGH, PHASE=FTO=LOW 


Controls and the first data words are loaded on the 
falling edge of CLK. The next rising edge loads the 


32-bit operand registers and the result is available on 
the output one cycle (cycle 2) and an output delay (tp) 
later. Use of FTP=LOW and FIO=HIGH is not recom- 
mended since there 's no increase in speed and internal 
logic delays are greater. 


PHASE = FTP = FTO = LOW 


roils aré Sampiea and ioadea on the CLK failing egde 


along with the first half of the data inputs. The next 
rising edge loads the 32-bit operand registers and the 
result is available on the output two cycles (cycle 2) and 
an output delay later. 


Bei pric 
UtItl 


Figure 4. Timing Diagram, Feedthrough Mode, Single Phase Clocking 


Notes: 1. FTI=LOW, ENS, PHASE, FTP. FIO=HIGH. 


2. For FTl=HIGH, MSW and LSW are reversed. 


TRW LSI Products Inc. 


(a 
| TENA | 


49 


TMC3202 7rtvye 


Figure 5. Timing Diagram, One Pipeline, Single Phase Clocking 


ei 
| | | _ 
Pao (sy XXX" XAKARA Se XXKAKK Ms XARA te XA 
ws XXXXXXXXXXXAMAAAAAY 
| | | ine >I tho pit 
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| 
| 
set , XXX so MK 'sWo Xm, KX tsw, Xs, Xie Kd) 
| ss TENA = 
OES 


Notes: 1. FTl=LOW. 21156A 
2. OFA, MLA, ENS, PHASE=HIGH, FTO=LOW and FTP=HIGH. 
3. FIO=HIGH, FTP=LOW not recommended. 


Figure 6. Timing Diagram, Two Pipeline, Single Phase Clocking | 


| | | | 


| 
4 | 
ENI,ENA, / , \ / \ / \ / \ / \ / 
is oo | 

Ig 


| | 
"+ Cs XR XR = I ERED 


RRR KKKKKKKKRKY : 
ce ROK as 


| 
seit I XXX HSM _X_'sWo XX mss X iss X 
'ENA as 


= Ne 
Notes: 1. FTI, FTO, FTP=LOW. 21157A 


2. OEA, MLA, ENS, PHASE=HIGH. 
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Figure 7. Timing Diagram, Feedthrough Mode, Two Phase aa 
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Notes: 1. FTI, PHASE=LOW, FTP, FIO=HIGH. 21158A 
2. For FIT=LOW, MSW and LSW are reversed. 
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Figure 8. Timing Diagram, One Pipeline, Two Phase Clocking | 


ENB \ = ? 

>| the tee is a. | | | 
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SD GED 10,000 EIB 00 END 0000) AD 00000 ID O00 


| | mu = > P< tse | 
ig ome TEGO ED EDENED 
| lh <— | 


FLAGS : {{ FLAGS, FLAGS, FLAGS, 


CLK 


~ 21159A 


Notes: 1, FTI, PHASE, MLS=LOW, OEA, ENS=HIGH. 
2. FIP=HIGH, FTO=LOW. 
3. FIP=LOW, FTO=HIGH not recommended. 
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Figure 9. Timing Diagram, Two Pipeline, Two Phase Clocking 
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Note: 1. FTI, PHASE, MLS, FTP, FTO=LOW, OFA, ENS=HIGH. 
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Figure 10. Scan Register Timing 
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Figure 11. Equivalent Input Circuit I Figure 12. Equivalent Output Circuit . 
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D1 
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Figure 13. Threshold Levels for Three-State Measurements 
TENA 
OEXR, OEYP 
THREE-STATE 
OUTPUTS HIGH IMPEDANCE 
0.5V - 21265A 
Absolute maximum ratings (beyond which the device may be damaged] 4 
Supply Voltage .occccccccssascssssssssssscsssssnesenneee reo tatae reer Seer! eT on ares Se Ren —0.5 to +7.0V 
Input Voltage .......... aS tetas aaly ch eth at Da od an Sapte sel aes Noche reranetetaniag cia aoe beaninaecale cee teombuises —0.5 to Vpp+0.5V) 
Output = 
FATA) O] T(t 01 1 2 aan Ree ap a RT RET RPT ena oa ree Ree ER CY Dano RT EL APETTY RO —-0.5 to (Vpp+0.5V) 
Forced current 34 oo... ee DAN er isi Nis ant feact taphacecttt dadtac apis es aelaeds ae ceo cee gates —60 to 10.0mA 
Short-circuit. duration (single output in HIGH state to QroUnd) on... esesteesesstertteatesneeseesneeneens seseeessssssneenseseennensen 1 Second 
Temperature 7 ? . | 
Operating, CASE 0... eects sosonectsbensntagentendnastenttenee eeseeseaes Boa ee gern ce ee seeeeetenteanen —60 to +130°C 
GRINGO Is 2c cnsznacacte cp acoicerd cies sehen cersete eck ceeeePauaanas iia oct Lan licen ee clue cbee bese ctuauy Rcede hea ete eect 175°C 
Lead, soldering (10 seconds) uu... Hethsd a led faa ec aL hE en tere atet Nea he Nee tae ae ete ee cate ened ese Cease 300°C 
BS UD EE sheesh catnc csp eterbet dit susnch Gat awa e doped aces at couxd calSttatsa encis Se outst ates atcaadinptys Sees outa ta ana aA —65 to +150°C 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 
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Operating conditions 


Temperature Range 
Standard Extended 
Parameter | Min | Nom | Max | Min | Nom | Max | Units 


pwn Geek Pulse Wid, AGH ee ee 


ts Input Setup Time ta CLK HIGH 20 20 ns 
tgi_) Input Setup Time to CLK LOW (PHASE =HIGH) i ae re eS eee ae ns 
tH Input Hold Time to CLK HIGH eae eee ees ee ee ee 
tL) Input Hold Time toCLK LOW (PHASE=HIGH) =f 5 | | | 5 | | | as 
Tp Ambient Temperature, Still Air a a eo a ae ae aa 
Tc Case Temperature a ee a —55 a 


DC characteristics within specified operating conditions | 


Temperature Range 
Standard/Extended 


Parameter Test Conditions Units 


IppQ Supply Current, Quiescent Vpp = Max, Vin =0V 
Inpy ——- Supply Current, Unloaded Vpp = Max, OEA=5V, f=20MHz 


iL Input Current, Logic LOW Vop = Max, Vin = OV 
ly Input Current, Logic HIGH Vpp = Max, Vin=Vpp 


VoL Output Voltage, Logic LOW Vpp = Min, Ig, =8mA 
VoH Output Voltage, Logic HIGH Vop = Min, Igy= —4mA 


loz Hi-Z Output Leakage Current, Output LOW Vpp = Max, Vin =0V 
IOZH Hi-Z Output Leakage Current, Output HIGH Vpop = Max, Vin=Vpp 


Nh 

— 
—) =) 
on 

<= 


los Short-Circuit Output Current Vpp = Max, Output HIGH, one pin to mA 
ground, one second duration max. 

C Input Capacitance Ta = 25°C, f=1MHz 1 pF 

Co Output Capacitance Ta =25°C, f= 1MHz pF 

Note: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 
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AC characteristics within specified operating conditions 
Temperature Range 
| Standard/Extended 
Parameter | ; Test Conditions | Min | Max | Units 
tey Cycle Time, Single Phase Clack Vpp=Min, FTP=L, FTO=L,PHASE=H | sf 50s ns 
3 Vpp=Min, FTP=H, FTIO=L,PHASE=H | | 100 | ns 


Vpp=Min, FTP=H, FTO=H, PHASE=H 
tcy2 Cycle Time, Two Phase Clock Vpp=Min, FTP=L, FTO=L, PHASE=L 
Vpp=Min, FTP=H, FTO=L, PHASE=L 
Vpp=Min, FIP=H, FIO=H, PHASE=L 


No 
So 
So 
> 
”n 


~~ 
on 
a) 
”N 


ty Output Delay 1 = Vpp=Min, Ci gap=25pF 
FTO=LOW 
FTO= HIGH 20 


0 
aan MLA Select to Output Vop= Min, Ci gap =25pF pf ns 
tuo Output Hold Time | Vpp = Max, C) gap = 25pF a aaa ns 


tENA — Three-State Output Enable Delay ' ~ Vpp=Min, CLoap =25pF 
: OES (Synchronous Enable) 
~ QEA (Asynchronous Enable) 
tpis Three-State Output Disable Delay ' Vop=Min, CLoApD =40pF 
OES (Synchronous Enable) 
OEA (Asynchronous Enable) 


NO 
fan) 
So 
S 
Nn 


Oo 
on 
53 is 
Nin 


No | co © | Go 
ota or, on 
=| 
Nn 


Note: 1. All transitions are measured at a 1.5V level except for tpg and tena. 


Ordering Information 


Product 


Package 
Number 


Marking 


TMC3202L3C STD—Tp =0°C to 70°C Commercial 84 Leaded Ceramic Chip Carrier 3202L3C 
TMC3202L3V - EXT-Te= —55°C to 125°C MIL-STD-883 84 Leaded Ceramic Chip Carrier 3202L3V 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 
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CMOS Floating-Point Divider 
32-Bit, 2.5 MFLOPS 


The TMC3210 is a CMOS monolithic device which Is 
capable of performing a full 32-bit floating-point division 
in 

400 nanoseconds. The floating-point device divides 
normalized numbers expressed in IEEE 32-bit single- 
precision format and can also accommodate denormalized 
operands if they are first ‘wrapped’ by a companion 
TMC3033 arithmetic unit. The user can select either 
FAST mode (output zero) or IEEE mode (output a 

- wrapped quotient) to handle underflows. With wrapping 
and unwrapping externally provided, the TMC3210 is 
fully compliant with the number format and single- 
precision division operation described in Version 10.0 of 
IEEE Standard 754. The TMC3210 is built using TRW's 
OMICRON-C™ one-micron CMOS process. 


All data and instruction inputs are registered. The two 
input operands (divisor and dividend) are each loaded in 
two 16-bit words through the dedicated half-width bus 
and the output is produced in two 16-bit words through 
the dedicated output port. With a clock rate of 2O0MHZz, 
the divider has a 2.5 Megaflop pipelined throughput rate 
with a latency on any given operation of 6 internal clock 
cycles (600ns). Renormalizing, rounding and limiting 
functions are all generated per |EEE specification. The 
output quotient and status flag ports are driven by three- 
state buffers. 


Features 


e (EEE Standard 754 Version 10.0 32-Bit Floating-Point 
Data Format 

e 20MHz Bus Clock Rate; 2.5 Megaflop Pipelined 
Throughput Rate 

e |EEE Unbiased Round To Nearest, Round Toward Zero, 
Round Toward Positive Infinity And Round Toward 
Negative Infinity Modes 

e Supports Denormalized Operands/Results Through 
“Wrapping/Unwrapping” By External TMC3033 
Arithmetic Unit 

e Jwo-Bus Architecture (Dedicated Input And Output} 
Works With Single Bus Or Data Flow Systems 


e JEEE Exception Flags Including Inexact Result, Overflow, 
Underflow, Divide By Zero, Invalid Operation And 
Denormalized Operands 


e Automatic Limiting For Overflow Or Underflow 


e |nput Traps For Infinity, Zero, Not-A-Number And 
Denormalized Operand | 


e All Inputs And Outputs Registered And TTL Compatible 
e Low Power CMOS Construction 
e Available In A 48 Pin Hermetic Ceramic DIP 


Applications 


Functional Block Diagram 


CLK 


Graphics And Image Processors 

Solids Modeling 

Matrix Operations And Geometric Transforms 
Microcomputers/Minicomputers 
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Functional Block Diagram 
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Pin Assignments 
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48 Lead DIP - J4 Package 


Functional Description 


General Information 


The TMC3210 consists of five sections: the input registers, the 
input preprocessor, the exponent subtractor/significand divider, 
the round/renormalize/limit block, and the output multiplexer, 
registers and drivers. 


Input Registers 


The input section accepts the data input (DIN) operand for the 
divisor (B) or dividend (A) along with an instruction which sets 
the mode (rounding) or format (wrapped or normalized number) 
depending on the load instructions. The external clock (CLK) 
strabes the DL and DM input preload registers, as well as the 
Load (L), Instruction (I) and Mode registers. CLK is internally 
divided by two to support an internal pipeline rate which is 
half the external bus clock rate. 


The Most Significant Word (MSW) and the Least Significant 
Word (LSW) of both operands enter through the single 16-bit 
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half-width input bus. The input preload register DL latches in 
the contents on the bus on the rising edge of CLK. The load 
instruction Lg enables the A, B or Mode register and must 
be input at the same time as the A operand (dividend), 

B operand (divisor) or selected rounding mode instruction 11-9 
respectively. Lj must be held for two clock cycles while the 
MSW and then the LSW of the dividend or divider is loaded. 
The two operands may be loaded in either order, but each 
always enters on two consecutive rising edges of CLK with 
the MSW first. If either operand is not updated, the next 
division will use the respective value from the previous 
operation, facilitating repeated divisions by or into a constant. 
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Table 1. Load Instructions 


Operation — 
No loading of A, B, or Mode registers | 
Load register A from DL and DM preload registers 
Load register B from DL and DM preload registers 
Load Mode register from | register 


One of the four IEEE rounding modes is selected by |1_9 
when the Mode register is enabled through the LM load 
instruction. During a Load Mode, the Start Divide (SD) control 
selects either FAST or IEEE mode for the handling of 
underflowing results. 


Table 2. Mode Instructions 


Operation 


00 Round to nearest number, or nearest even 
number if distances are equal 
(IEEE Standard 754 default) 

01 Round toward zero (truncate product significand) 


Round toward positive infinity 
Round toward negative infinity 


Note: 
|. 1j_g selects the rounding mode during a Load Mode (LM) instruction. 


Table 3. Mode Control 


Operation 


Gradual Underflow (wrap exponent 
underflow values) 


Flush—to-zero (replace exponent underflow 
numbers with zero) 


Note: 
1. SD selects IEEE or FAST mode during a Load Mode (LM) instruction. 


The registered Start Divide control initiates a division. SD must 
remain HIGH for two CLK cycles and may be asserted during | 
the loading of the second operand. After SD is exercised, the 
user may load the next set of operands without interfering 
with the operation in progress. Another SD may occur every 
four internal MSCI clock cycles (eight external CLK cycles). 
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The format instructions !7_9 select the dividend and- divisor. 
format and must be input with the loading of the second 
operand. If only one operand needs to be loaded for a division, 
|;—9 is registered at the same time as the operand. Wrapped 
operands are too small to be expressed as standard IEEE 
normalized values, therefore instead of being denormalized with 
an exponent and hidden bit of 0, they are represented with a 
nonpositive two's complement exponent and a hidden bit of 1. 
A wrapped nuinber is normalized, but has a special exponent. 
This special format allows the divider to handle denormalized 
numbers without large on-board normalizing shifters. 


Table 4. Format Instructions 


Operation 


Divide normalized A by normalized B 
Divide wrapped A by normalized B 
Divide normalized A by wrapped B 
Divide wrapped A by wrapped B 


Input Preprocessor 


This section includes the input traps which detect infinity, zero, 
not-a-number and denormalized operand to generate the 
appropriate status flag. 


Main Section (Exponent Subtractor/Significand Divider) 


The difference of the exponents and the quotient of the 
significands is computed including the IEEE guard, round and 
sticky bits. This operation requires eight CLK cycles from the 
initial rising edge of SD. To avoid disruption, the next SD must 
not begin for eight CLK cycles. After the unrounded, 
unnormalized intermediate result leaves this section, the user — 
may exercise SD to bring in the next set of operands from the 
input block. | 


Round/Renormalize/Limit Section 


The significand of the quotient is rounded and readjusted SO 
that the Most Significant Bit (MSB) occupies the nominal 
hidden bit position. If necessary, the exponent is adjusted to 
compensate for the renormalization shift. The final exponent is 
compared to the IEEE limits of 0 and 255 to generate the 
appropriate output: condition and exception flag So_o. 
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Table 5. Status Outputs 


No exceptions 


Denormalized operand 


Exceptions 


Exponent underflow 
Exponent overflow or divide by zero 
Invalid operands or invalid operation 


Table 6. Divider Exception Flags and Outputs 


A Operand : 
(Dividend) B Operand (Divisor) 
[wero —ONRM | —SONAMWNAM | SNF CN 
ZERO INV, NaN OK, ZERO OK, ZERO OK, ZERO INV, NaN 
DNRM OVF, INF INV! NaN OK', ZERO OK, ZERO INV, NaN 
NRM/WNRM OVF, INF OVE! INF See Note 2 OK, ZERO INV, NaN 
INF OK, INF OK, INF OK, INF INV, NaN INV, NaN 
NaN INV, NaN INV, NaN INV, NaN INV, NaN INV, NaN 
Notes: 
1. In IEEE mode, DIN (Sy_g = 111) is the status flag output. 
2. In the case of NRM/WNRM divided by NRM/WNRM. 
OVF: Output is OVF, +NRM.MAX if (RM,RZ) and TRESULT > NRM.MAX. 
OVF, -NRM.MAX if (RP,RZ) and TRESULT < -NRM.MAX. 
OVF, +INF if (RN|RP) and TRESULT > NRM.MAX. 
OVF, INF if (RN,RM) and TRESULT < -NRM.MAX. 
UNF: Output is zero with UNF if | TRESULT | < NRM.MIN (FAST model. 
Output is WNRM with UNF if | TRESULT| < NRM.MIN (IEEE mode). 
ELSE: Output is OK with normalized value. 
NRM.MIN < | TRESULT! < NRM.MAX. 
3. Terms used in this table include: 
OK = No exceptions raised. 
NRM = Normalized number. 
DNRM = Denormalized number. 
WNRM = Wrapped number. 
INF = Infinity (+, Exponent = FFy, Significand = 000000). 
NaN = Not-A-Number (+, Exponent = Fru, Significand = 600000,). 
TRESULT = Normalized, rounded, true result before limiting. 
NRM.MAX = Maximum allowable positive normalized number (2+ 128 _ 9+104 oy Sign = 0, Exponent = FEy, Significand = 7FFFFFY). 
NRM.MIN = Minimum allowable positive normalized number (2-126 oy Sign = 0, Exponent = 01y, Significand = 00000,)). 
In FAST mode, all underflows are forced to zero and the Round toward positive infinity limits the output to a positive 


underflow flag is generated. In | 
are wrapped and the underflow 


EEE mode, underflowing values infinity or a negative limit of maximum magnitude, negative 
flag is generated. Overflows normalized number. Round toward negative infinity limits the 


are limited to the infinities for round toward nearest and to output to a negative infinity or a positive limit of maximum 


maximum magnitude normalized 


TRW LSI 


values for round toward zero. = magnitude, positive normalized number. 
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Output Multiplexer, Registers and Drivers 


The 32-bit output register and 3-bit flag register are clocked 
by MSCI. The quotient is output through the 16-bit output 
port via the output multiplexer which selects either the MSW 
or LSW. The synchronization of MSW or LSW with CLK is set 
by the LM load instruction. After the SD control is HIGH for 
two CLK cycies to begin a division, the MSW of the quotient 
is output after the 12th rising edge of CLK. The output will 
toggle MSW and LSW with CLK until the quotient from the 
next division is available. The state of the status flags will 
remain set until new exception conditions occur. The output 
drivers are enabled and disabled by the Output Enable (OE) 
contral. a | 


Signal Definitions 
Power 


Vpp. GND The TMC3210 operates from a single +5 Volt 
a supply. All power and ground lines must be 


connected. 


Data Inputs 


DIN45-9 DIN is the 16-bit input to the preload register © 
| DL which is loaded on the rising edge of CLK. 

All data operands (dividends and divisors) are 

loaded through the DIN port, MSW followed by 


the LSW. 
Data Outputs 


015-9 Q is the 16-bit output from the output register 
which is clocked by MSCI. The output 
multiplexer is internally synchronized to select 
MSW then LSW of the quotient which is output 


through three-state output drivers. — 


Clock 


CLK. © ~~ The CLK frequency is twice the internal clock 
rate to allow for input/output data multiplexing. 
-All operations are with respect to the rising 
edge CLK. The A and B input registers, pipeline 
registers and output registers are clocked by 
internal MSCI which is generated by dividing 
CLK by two. 
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Controls 

The Mode/Format Instructions determine the — 
rounding mode during a Load Mode, and select 
the input data formats when the operands are 
loaded. The rounding mode controls must be 
held for both CLK cycles during the loading of 
the Mode register. The format coniruis musi be 
held for two CLK cycles during the loading of 
the last operand for a division. 


1-9 


The Load. Instructions generate LA, LB and LM 
which enable the A, B and Mode input registers 
respectively. The load controls are read on every 
rising edge of CLK. All data transfers into these 
input registers take place on the rising edge of 
CLK following the load controls commanding the 
data transfer. Ly_9 must be valid for two CLK 
cycles since the MSW and LSW must be loaded 
in two consecutive cycles. The LM instruction 
establishes the internal synchronization of CLK 
with MSCI and should not be asserted during a 
division. 


ft. 


0 Qutput Enable is a registered control which 
enables the quotient and status outputs when 
LOW. When OE is HIGH, the outputs are in the 
high-impedance state. OE Is read on the rising 
edge of CLK. The state of the output drivers 
will change after the next rising edge of CLK. 
Therefore, two CLK cycles are required to 
enable or disable the three-state drivers. 


SD Start Divide is: an active HIGH control which 
begins the four MSCI clock cycle division. SD 
must remain HIGH for two CLK cycles and be 
asserted during or after the loading of the last 
operand of the divide. Subsequent SD may 
begin eight CLK cycles after the SD of the 
previous division. During the loading of the 
Mode register, SD selects whether FAST or 

IEEE mode is used in handling underflows. 


Status Outputs 


The status flags indicate the presence of 
exception conditions with the input operands or 
output quotient. The flags are valid while both 
the MSW and the LSW are output as long as 
the output buffer is enabled. 
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Package Interconnections 


Signal Signal 
Type Name J4 Package 
Power Vop Supply Voltage 45, 48 

GND Ground 13, 23, 24, 44 
Data Input FON gp Input Data Word 15, 14, 12-1, 47, 46 
Data Output a ae Output Quotient Word 25-40 

CLK | 


Clock Clock 


Controls Mode/Format Instructions 


Load Instructions 18, 17 
Output Enable 21 
Start Divide 16 


Status Outputs 


Data Format 


The TMC3210 conforms to IEEE Standard 754, Version 100  S being the sign bit. Any exponent of 255 with a nonzero 
data format for 32-bit arithmetic. The divider requires two fraction is a NaN. A NaN ts generally used to communicate 
clock cycles to transfer a data word since the input and error information such as invalid operation or uninitialized 
output buses are 16-bit wide. memory and has no numerical value. 

Standard IEEE 32-Bit Floating-Point Format When the exponent field is all zeros (0000 0000) and the 

The IEEE Standard 754, Version 10.0 specifies a 32-bit data fraction is also zero, the number Is a true floating-point zero. 


Note that this data format allows both positive and negative 
zeros which are computationally treated identically. When the 
exponent is zero and the fraction is nonzero, the number Is a 


format for floating-point arithmetic. In this format the MSB 
(bit 31) is the sign bit, the next eight bits (bits 30-23) are the 
exponent field and the 23 LSBs are the fractional significand 


field (bits 22-0). The “hidden bit” completes the 24-bit Rencemalen Uae pol number evaneee 
significand. Number = (-1)8 x 2E-126 x (OF 
Sign Bit where S Is the sign bit, E is the value of the exponent field 


The MSB carries the sign information. A HIGH for a sign bit base 10! and F Is the value of the fractional field. 


indicates @ negative number and a LOW indicates @ positive If the exponent field is neither all zeros nor all ones, the 


number. floating-point number is normalized and evaluated as: 
Exponent Field Number = (-1)8 x 2E-127 x (1.4 
The 8-bit exponent field determines whether the floating - point Note that the exponent bias has changed from 126 to 127 and 
number is a signed infinity, a NaN, a zero, a denormalized that 1.0 has been added to the fractional field. The exponent 
number or a normalized floating—point number. can assume values which run from -126 to +127 (0 to 254 
biased by 12/). Note that both exponent fields of zero and one 
The exponent values 0 and 290 are special. If the exponent map onto the exponent value of -126. These provisions ensure 
field ts all ones (1111 1111, 2054g) and the fraction (bits 22-0) — g smooth transition from normalized numbers through gradual 
is zero, the number is evaluated as infinity x (-1}> with lindarflaw inte. the denormalized: numbers. 
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Fractional Field 


Bits 22-0 comprise the fractional field (mantissa). There is a The difference between the smallest normalized number 

binary point assumed between bit 22 and the implied “hidden” (exponent = 1, fractional part = 0) and the largest 

bit 23. For a nonzero exponent, the hidden bit assumes a value  denormalized number (exponent = 0, fractional part = all ones) 
of “1.” For a zero exponent, the hidden bit has a value of “0.” is one LSB. The smallest normalized number is: 


Bit 22 carries a binary weighting of 2-1. The following bits exponent = —126, significand = 1.00...00 written as 
carry decreasing binary weights down to the LSB (bit 0) which = exponent = O1y, significand = O00000y. The largest 
carries the weight of 2-29. This is identical to treating the denormalized number is: exponent = -126, 
fractional part (bits 22-0) like an integer F multiplied by 2-23 significand = 0.11...11 written as exponent = 00h, 
The fractional part of the floating-point number is either significand = /FFFFF. 


0 + F (in the case of a zero exponent), or 1 + F (in the case 
of a nonzero exponent). 


Figure 1. IEEE 32-Bit Floating—Point Format 

SIGN BINARY POINT 

BIT EXPONENT —_ $$ —_________—_- SIGNIFICAND 

\ HIDDEN BIT. | jeg TION 

EEEEEEEE MEG GEabE GbE rhb bE bEDT 
3 29 28 27 26 2 2 23 — 22 20 19 

(Soba crc Renee MOST SIGNIFICANT WORD TEAS SGNiRcARy cra, : 


maw | S | Er] 6 [| Ea [Bs | | 6 | ea |For | Fos | Fn] 19] Fra Fr | Fis 
a WMG DMB GE 
8 6 5 4 2 0 


13 12 «#11 i 3 1 


Mnemonic 


Exponent 
255 


Not all zeros Not-A-Number 


(-1)8 x 00 


255 All zeros Signed Infinity 
1 through 254 Any (=1)8 x (LF) x 26-127 Normalized Number NRM 
0 Not all zeros (=1)8 x (OF) x 26-126 Denormalized Number DNRM 


All zeros (-1)8 x 0.0 Zero 


1. H, the hidden bit, is one except for zero and denormalized numbers when tt is zero. 
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Figure 2. Timing Diagram 
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Figure 4. Equivalent Output Circuit 
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Absolute maximum ratings (beyond which the device may be damaged) ! 


Supply Voltage 


Input Voltage 


Output 


Temperature 


Notes: 


Fase ise eu ae ceaSk a SMa a aa nc EB alae abana ake a NSia Tesla eaad kon tareieeanten eg Abc onate -0.5 to +7.0V 
sisudok cvsiiie udatssaeducdedubotsueudasdobncne'systaebesecscavecs¥e lasses casio eaybesdeeuua tonvencéavouctutasdsusesesssaunca leu oudusa esau tiveussvoisuensrisstasdcabandesdisrexessaeeinsssesveageudavsisciesvinesbecssurcente <> -0.5 to op +0.5)V 
Pippi Wining hh a ae ae epcar ttc reece acinar gat maatiaatiantantin www ~05 to Vpp +0.5V 
Forced current 3:4 ss. ssssssssscssssscecesescessessesssssessssestassstansceestaseasssessnsssenessssee Feet tect mre reese satiated eesti UN 10°F OL OMIA 
Short-circuit duration (single output in HIGH state to ground) ...........ccsssssssessssssscsssssssssseessssssssseene s iiccisecttia cima heenadstwideenatacmaceeataod 1 sec 
II ALIIAE):. CASE ssssecs ce svsacsctacaieecsscsthuccotktctcavsutscuwesa (tbecticskeonssat acasastaladenceystuaaapaasedetwasssaxslsia ans stvsua eva atecoae Noees oe nae a taeahangimees aaa -60 to +130°C 

HRB UCI seacoast canna eoncdecesr eae ecieaeeta sepa Test ge aces Go aecacreet bead mccain teste eat ee els enactente =aseGak 175°C 

Lead, SONDRA 010 = SURO ENCAS)ccicss oa sc teases Sacteictpaveussenedcys aes apessuabugstsaaetia dooce owed vonn acess ces ciarenc ts wleavsus ese and vEakecoeet seus taea sds eaueteas eet es Riana 300°C 

SOU EIG asian South beads eases ape aoe eigen a nee oapatecct ae cae -65 to +150°C 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. ‘ 


Forcing voltage must be limited to specified range. 


4. Current is specified as conventional current flowing into the device. 


Operating conditions 


Parameter 


| | [Nom | Max {Min | Nom | Max 
Tp Ambient Temperature, Stil Air a ee a 
| a: ae te Wesel ee 


Te Case Temperature 


Temperature Range | 


Standard 
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|  FANXVY 
DC characteristics within specified operating conditions | 
Temperature Range 
Standard Extended 

Parameter Test Conditions | Min | Max | | Min | Max Units 
Inpo Supply Current, Quiescent Vpp = Max, Vin, = OV Pf we fd mA 
Inpy Supply Current, Unloaded Vpp = Max, OF = 5V 

f = 20MHz 70 mA 
NW Input Current, Logic LOW Vpp = Max, Viy = OV ewe eae | uA 
ly Input Current, Logic HIGH Vop = Max, Vin = Vop ee 
Vy. Input Vatag, Logi LOW | ee 
Vin Input Voltage, Logic HIGH | 20 | ff ao | V 
VoL Output Voltage, Logic LOW Vpp = Min, Ig, = 4mA PT od] V 
Voy Output Voltage, Logic HIGH Vpp = Min, Igy = -2mA Re eee 
lozi Hi-Z Output Leakage Current, Output LOW } Vpp = Max, Vin = OV Pf ag Pf a | LA 
lozH Hi-Z Qutput Leakage Current, Output HIGH | Vpp = Max, Vi = Vpp Pf af WA 
las Short—Circuit Output Current Vpp = Max, Output HIGH, one pin to ground, mA 

one second duration max. 

C Input Capacitance Ty = 28°C, f = IMHz Fe ae ce tO pF 
Co Output Capacitance Ty = 28°C, f = IMHz Ff Pf pF 
Note: 


1. Actual test conditions may vary from those shown, but guarantee operation as specified. 


AC characteristics within specified operating conditions 


Parameter Test Conditions 


tcy 


tPWL 
tpwH 


Ig 
ty 
tp 
tHO 


TENA 
toIs 


Note: 


Temperature Range 


Extended 


Cycle Time Vpp = Min 
Clock Pulse Width, LOW Vop = Min 


Clock Pulse Width, HIGH Vpp = Min 


Input Setup Time 
Input Hold Time 
Output Delay Vop = Min, Cigap = 40pF 
Output Hold Time Vop = Max, Cigap = 40pF 
Three-State Output Enable Delay | Vop = Min, Cigap = 40pF 
Three-State Output Disable Delay | Vop = Min, Croan = 40pF 


1. All transitions are measured at a 1.9V level except for tog and teya. 


NO 


25 


NO 
o1 
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Ordering Information 
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Product ue 
Number 


TMC3210J4C_ 


Package 
Marking 
3210J4C 
3210J4V 


- Temperature Range | Screening Package 


Commercial | 
MIL-STD-883 | 


STD-Tp=0°C to 70°C 
EXT—Te= —55°C to 125°C 


48 Pin Hermetic Ceramic DIP 
48 Pin Hermetic Ceramic DIP 


to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life. support applications, wherein a failure or malfunction of the 


component can reasonably be expected to result in personal injury. The user. of TRW LSI Products Inc. components in life support applications assumes all risk 
of such use and indemnifies TRW LSI Products Inc. against all damages. | 
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Memory/Storage 1rtyy 


Signal processing puts extraordinary demands on memory and storage elements. The high speeds 
involved call for multi-port memories. Asynchronous system interfaces need high-speed FIFO buffers. 
The highly pipelined architectures require a variety of short, wide, variable delays to compensate 
unequal data paths. At times, long delays are needed. 


TRW provides solutions to all of those problems with special-purpose memories and storage elements. 
The TDC1005/TDC1006 shift registers are basic long, fast serial storage elements. The TDC1030 FIFO 
provides a flexible asynchronous interface. For equalization problems, the TMC2011/2111 are an easy 
solution, with a byte-wide architecture and fully-programmable lengths up to 18 words. The TMC3220 
3-port Register file (one write with two simultaneous reads) will relieve dataflow bottlenecks. 
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Clock 
| . Rate' Power | vs _ . 
Product Description Size - (MHz) (Watts) Package | Grades 2 | Notes Page . 
TDC1005 = Shift Register 64x 2 Bit 25 0.6 B9 16 Pin DIP co Expandable/Cascadable. | K3. 
24 0.6 B9 16 Pin DIP A . 
TDC1006 Shift Register 256 x 1 Bit 25 0.7 BQ 16 Pin DIP C Expandable/Cascadable. K9 
_ = i) oe 0.7 B9 16 Pin DIP A : . é 
TDC1011 ~~ Programmable Digital Delay 3-18 x8 Bit 18 0.8 = B2,B7 24 Pin DIP C Also 21-36x4 Split Mode. — K15 
C3 28 Contact CC C | 
2 1.1 B2, B7 24 Pin DIP A. 
C3 28 Contact CC A 
TMC2011 = Programmable Digital Delay 3-18 x8 Bit 30 02 # &B2 24 Pin DIP ¢ “Also 21-36x4 Split Mode. — K37 
28 0.2 B2 24 Pin DIP V, SMD 
C3 28 Contact CC V, SMD 
T™C2111 Programmable Digital Delay 1-16x8 Bit 30 0.2 B2 24 Pin DIP C K37 
28 0.2 B2 24 Pin DIP V, SMD 
C3 28 Contact CC V, SMD 
TMC3220 Three Port Register File 32 x 8 Bit 20 0.15 J4 48 Pin DIP C,V 1 Write, 2 Read Ports K45 


Notes: 1. Guaranteed. See product specifications for test conditions. 


2, A=High Reliability, Te=—55°C to 125°C. 
C=Commercial, Ty) =0°C to 70°C. 
V=MIL-STD-883 Compliant, Tp =—55°C to 125°C 
SMD = Available per Standardized Military Drawing, Te=— 959°C to 125°C. 


NO 
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Serial Shift Register 
Dual 64-Bit 


The TRW TDC1005 is a dual 64-bit positive-edge- 
triggered serial shift register which operates at 25MHz. 
inis device is cascadabie in the number of words and 
the word size. 


Complementary TTL outputs Q and OQ are provided. The 
two data inputs in each shift register, DO and D1, are 
controlled by a data select input, DS. This provides on- 
chip recirculate gating when the true output is hard- 
wired to one of the inputs. 


Features 


e 25MHz Guaranteed Clock Frequency 
e Fully TTL Compatible 


True and Complementary Outputs 

Proven High-Reliability Radiation Hard Bipolar Process 
single +5V Power Supply 

Available In A 16 Pin CERDIP 

Horizontal And Vertical Cascadability 


Applications 


High-Speed Data Acquisition 
First-In First-Out Data Buffers 
Coefficient Storage For FIR Filters 
Digital Delay Lines 

Local Storage Registers 


Functional Block Diagram 
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Functional Block Diagram 
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Functional Description 


General Information 


The TDC1005 is a positive—edge-triggered dual 64-bit serial by the Data Select contro! (DS). Complementary outputs Q and 
shift register. One of two data inputs (DO and D1) is selected Q are available. 
Power 


The TOUivds aperaies irom a single +3 Voll power suppiy. 


J9 Package 


Data Inputs 


The TDC1005 has two data inputs per block, (D0, and DOp, 
Di, and Dip). 


J9 Package — 


Data Input 0, Block A 
Data Input 1, Block A 
Data Input 0, Block B 
Data Input 1, Block B 


Diy 


Data Select 


Two data select controls, one for Block A (DS,) and one for The 0 input is selected when DS is LOW; the 1 input is 
Block B (DSp), are provided to select between inputs 0 and 1. selected when DS is HIGH. 


J9 Package 


Data Outputs 
Complementary outputs Q and Q are provided for the TDC1005. 


J9 Package 


Data Output Block A Pin 15 
0A Data Output (Inv.) Block A Pin 14 
OB Data Output Block B Pin 2 


Data Output (Inv.) Block B 
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Clocks 
The TDC1005 has three clock inputs (CLK A, CLK B, CLK C) CLK C. Block B is clocked by the logical OR of CLK B and 
which are combined to provide the clock signals for the two CLK C. This allows the two blocks to be clocked either . 
blocks. Block A is clocked by the logical OR of CLK A and independently or simultaneously. 

Nan 18 Package 

‘CLK A Clock A | TTL ae Pin 10 


CLK B 
CLK C 


Clock B 
Clock C 


Pin 7 
Pin 9 


No Connects 


Pin 1 on the TDC1005 is not connected internally. This pin may 


be left unconnected. 


Figure 1. Timing Diagram 


| | | 


| ‘y | a-—— — tpw a 
| ts aay | . 
| 
INPUT X x 
DATA | 
tpt —| -«— ty 
of {| 7 | 
i rr ae 
DATA | 
Figure 2. Input/Output Schematics Figure 3. Test Load for Delay Measurement (Typical) 
INPUT | OUTPUT +Vec 
EQUIVALENT EQUIVALENT 


Vee Segs > Scie Vec 
R3 81062 
R2 (10062 NOM) 
TO 
OUTPUT 
1N3062 

CLK C OUTPUT 
R1 = 5.0K 
R2 = 2.4K — 


LOAD 1 = 


DATA INPUTS 
R OK 


ee CLK A, CLK B 


R1 = 10K 
R2 = 48K 
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Absolute maximum ratings (beyond which the device may be damaged) | 


SSUINDRIEY VW ONAN ois osdossenssiestivclecitaecicecews earcanaceeateatcca sania ite eee eco aided oitendsesbckee assis elOsbaiycterabad acsuan asec eaeleaeantensonies -0.5 to +7.0V 
PEUPDUAT:- W MDW ENED 23s evseoctcone arts cve chess fap ceun icteric avec run duGR ian ecto ined cena cine bech deca uablts techy esac anvctnn tba daencanaa taadnebban ntaacntsdate a menieativiedad svsnnansnennenssn 0 to +5.5V 
Output 2 | 
Applied: ‘voltae: (measured. to GND) sass sisccaiccesscatnsatsutqgasesvacdassuoteachandhontarteeaccoasaovia sb hectans eatenenbanataione sessed season ocd eo eacas teat aaavaatnaee 0 to +5.5V2 
Applied: Gurveits exter tially $Onte diss Ase thse ai ae cect cat ath Sal ae aie ad ae al a ceca! ~1.0 to 6.0ma3.4 
Short circuit duration (single output in high state to Ground) .......ssssesssseesseesseessssesesseeusseeussssssesseensseeesssesieseesiasessessssieeeeeerseemnecsnneseiaentest 1 sec 
Temperature 
CUB cRRIU ED: EATPUIDV TNE sci cssssesecesseh dco vaadavdusdusasacaoweastac ovis cele cass vasssapuuadvavinc aun ccd cd ahnsaes alae anne eanee ans aL -§5 to +150°C 
IRUP VE TIIOMN scx ses ceshchsaschasts5sss cools losbusursecccdsosssmsoce stacey ekeueslovovusdaus staan tude Rave oetg ecbpons wads chavo unaveudeetp bocaroonetn ea aassa UN aaa eset RURAL +175°C 
Leaiel, <senlcnevirigy (10 SCOR S) xcs, 5:sacs:s.csescususciasacseatuscentsutdastonreatsbacesceantbevededeGessaecasechunsasaussescteavbaccastouanlecosusa usted asvaalanalv tages bvctard eanedsaten Ridantn a faa eeocentannnahs +300°C 
SSO FANGS cscs cssac ess cosrcstzsssskavsbeva ov casczavbusobansaussoe ova aissan auusees vin Sssea tas au cdbpoeseaoad Taaba ne webts Gp etea ees dates asta ened ten Ate heat oeen ares -65 to +150°C 
Notes: | 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range. 
Forcing voltage must be limited to specified range. 
4. Current is specified as positive when flowing into the device. 


Operating conditions 


Temperature Range 


| Standard Extended 
ts Input Register Setup Time | a a ee Oe ee ee ae ns 
ty Input Register Hold Time ae TW i | ns ass 


In. __Output Curent, Logic LOW a ee ee ee 
aa ea ee 


lon Output Current, Logic HIGH 


ae ee 
Ty___Abiont Temperature, Stil i ae a ee eS ee 
eeciee econ aaa! 


Te Case Temperature 
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Electrical characteristics within specified operating conditions 


a | Temperature Range  =iéd*«C 
- - € | ; a Standard Extended | 
porameter___—————_|__Test Conditions| Min | Max | Min [Wax] Units 
VoH Output Voltage, Logic HIGH Vec= Min, Igy=Max — | 24 | fee ed 
li -—«Input Current, Logic LOW’ =| = Vec¢=Max, Vj =0.4V Le al | 08 | mA/Load 


~ Vor Output Voltage, Logic LOW 


NH Input Current, Logic HIGH ! Veco = Max, Vip =2.4V 


Note: 1... CLK C: Eight equivalent loads 
CLK A, CLK B: Four equivalent loads 


Switching characteristics within specified operating conditions 


Temperature Range 
Parameter 


_ Min | Max [Min | Max 
Flock Frequency | seories | | |e | 


Ordering Information 


Package 
Marking 


_ 1005B9C 
1005B9A 


~ Product 
- Number. 
* TDC1005B9C 

TDC1005B9A 


STD-Ty=0°C to 70°C 
_EXT—Tp= —55°C to 125°C 


Commercial 
High Reliability 


16 Pin CERDIP 
16 Pin CERDIP 


_ All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
. to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


_ Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
- component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk 
of such use and indemnifies TRW LSI Products Inc. against all damages. 
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TAA | | 


Serial Shift Register 
256-Bit 


The TRW TDC1006 Is a positive-edge-triggered serial 
shift register which operates at 25MHz. This device Is 
cascadable in the number of words and the ward size. 
Complementary TTL outputs Q and QO are provided. Two 
data inputs, DO and D1, are controlled by a data select 
input, DS. This provides on-chip recirculate gating when 
the true output is hard-wired to one of the inputs. 


Features 


e 25MbHz Guaranteed Clock Frequency 
e Fully TTL Compatible 
e |rue and Complementary Outputs 


Proven High-Reliability Radiation Hard Bipolar Process 
single +5V Power Supply 


ae em me 


Horizontal And Vertical Cascadability 


Applications 


High-Speed Data Acquisition 
First-In First-Out Data Buffers 
Coefficient Storage For FIR Filters 
Digital Delay Lines 

Local Storage Registers 


Functional Block Diagram 


TRW LSI Products Inc. 
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La Jolla, CA 92038 


Phone: (619) 457-1000 
FAX: (619) 455-6314 


©TRW Inc. 1990 
40G01348 Rev. D—11/90 
Printed in the U.S.A. 
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Functional Block Diagram 
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16 Pin CERDIP — BY Package 


Functional Description 


General Information 


The TDC1006 is a 256—bit positive-edge-triggered serial shift the Data Select control DS. Complementary outputs Q and 0 
register. One of two data inputs (DO and D1) is selected by are available. 


Power 


The TDC1006 operates from a single +5 Volt power supply. 
Name [Fanon [ae [= Pac 


Ver. Positive Supply Voltage Pin 16 
GND Ground 0.0V Pin 8 
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Data Inputs 
The TDC1006 is a single 256—bit shift register with two data 


inputs DO and D1. 


Data Input 0 TTL 
Data Input 1 TTL 


The TDC1006 has one data select control (DS) to select 
between inputs DO and D1. Input D1 is selected when DS is 
HIGH, DO is selected when DS is LOW. 


Name a a ee, a eR 
8 oy 


J9 Package 
Pin 5 
Pin 6 


Data Select 


Data Outputs 
Complementary outputs Q and OQ are provided for the TDC1006. 


J9 Package 


Clocks 
The TDC1006 has one clock signal, CLK. 


a Pn 


No Connects | | | K 


There are several pins on the TDC1006 which are not 
connected internally. These pins may be left unconnected. 


TRW LSI Products Inc. maul 
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Figure 1. Timing Diagram 


| | | 


—~ ty ~— ~— tpw —>| 
=18 ae | 
INPUT X | X 
DATA | 
tp—| ~— —~| ~— ty 


Figure 2. Equivalent Input/Output Schematics 


OUTPUT INPUT 
EQUIVALENT EQUIVALENT 


Vec Vec 


R3 
(10082 NOM) 


INPUT 


CLK DATA INPUTS 
eh Rl = 2.5K Ri = 40K 
ee R2 = 1.2K R2 = 18K 
Figure 3. Test Load 
+Vec 

8100 
TO 
OUTPUT 
PIN 

1N3062 


40pF 
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Absolute maximum ratings (beyond which the device may be damaged) ! 


Seine: WeaNteneh ecstatic aca ache esthetic paced cans eta etcetera rece ace ek acco cet -0.5 to +7.0 V 

WEOROAN GS WOU CGAIDED sich sctecn ssa cetacean eden dca mah cade cascade tats dba ovvsd nae ea saucddkoeadesba taeaev acease 0 to +5.5V 
Output | 

Aripliend ‘woltage:(rinpeasiattih 0: GNDD) cess: ssszcscsacaleanccocectsarsusaseoneacteseeoadecacecectectles si ucestelanetagnasadenoutdiedarruneaanestedbosOunafinlsanc 0 to +5.5V2 

Applied current, externally forced ....scsssccsssccsssscssssseessceesscssssssessssetsnsessseetsesssssessesseetneetasenisnesiseeteseetesecneneetnneesnanenessasesseasssien -1.0 to +6.0mA34 

Short circuit duration (single output in high state to QroUNd) ..............essssseessssessssessssssssssssscsssensssseesseessesssssscensnssssensansssssesssssessceseescesanessansessesensssenssee 1 sec 

Temperature a ae 

RJ PU RENIN AIPM NGIINE 5 6s ales lass a a Da Sl aac ace hale aan seal cates orc ae -55 to +150°C 

IIIVE RII cz ccocsc exch sven cactaecve esac hos vaca s cucu tates eae secede alg etg soph depo dese heat nasa alae arpandpoaataa aos nated NOOR aoe ae +175°C 

EGC, SSOMIO TING < C10 SOE canhc carats oy cs sees hate actos ss vsouaysaa vs bncteos baw tusdvecaacen as Stvessatesucd aes Soon een cuasund esas oh sseselaketcea areas mes tant aud toad ansbaas ee ounaanenettne Senta +300°C 

SND LIE: essere ha tucaps anc tentuca cde octivinp vcs incedvteuepdevotays eG bcssaecvesbpuaaceb coated ba raga ol za bvo cus steele bt acaacued aay encoded eatin caayabereigstavaveenal tenes em -65 to +160°C 


Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range. 
Forcing voltage must be limited to specified range. 
Current is specified as conventional current flowing into the device. 


Operating conditions 


Temperature Range | 


| 


Ty___Ambient Temperature, Stil Air po | fT cm TT tt 
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Electrical characteristics within specified operating conditions: | 


| Temperature Range . | 
Parameter Test Conditions | Min | : | 


| Max [Min | Max 
Voy Output Voltage, Logic HIGH Vec=Min, Ipq=Max eS ee ee Se ee V 
lL Input Current, Logic LOW ' Vec = Max, Vi =0.4V a re aa eee mA/Load 
li Input Current, Logic HIGH ' Vec=Max, Viy=24V [| OT 80s pALoad 


Note: 1. CLK: Sixteen equivalent loads. 


Switching characteristics within specified operating conditions 


Temperature Range 
Parameter Test Conditions Units 


[Max [Win [Wax 
Fe__ Clock Frequency | seerigres = | 5 | mT 


STD-Ty=0°C to 70°C Commercial 16 Pin CERDIP 
EXT—Tp= —55°C to 125°C High Reliability 16 Pin CERDIP 


Ordering Information 


Product 
Number 


_ TDC1006B9C 
TDC1006B9A 


Package 
Marking 


1006B9C 
1006B9A 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes ail risk 
of such use and indemnifies TRW LSI Products Inc. against all damages. 
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Variable-Length Shift Register Features 


8-Bit, 18MHz e 56ns Cycle Time (Worst Case} 
e Single +5V Power Supply 


The TRW TDC1011 is a high-speed, byte-wide shift © TTL Compatible 


register which can be programmed to any length 


between 3 and i8 stages. it operates at a 56ns cycie ° Seleciabie Length rrom 3 fo 18 Stages 

time (18MHz shift rate). A special split-word mode is e Special 4-Bit Wide Mixed-Delay Mode 

provided for use with the TRW TDC1028. e Available In 24 Pin DIP. CERDIP And 28 Contact Chip 
Carrier 

The TDC1011 is fully synchronous, with all operations 

controlled by a single master clock. Input and output Applications 

registers are positive-edge-triggered D-type flip-flops. The 

length control inputs are also registered. ¢ Word Size Expansion Of TDC1028 


e Video Filtering 
Built with TRW‘s OMICRON-B™ 1-micron bipolar DrOcess, e High-Speed Data Acquisition 
the TDC1011 provides the system designer with a unique 


variable-delay capability at video speeds. ° Local Storage Registers 


e Digital Delay Lines 
e Television Special Effects 


Functional Block Diagram 


wes 


ay eee 4—BIT WIDE 

om 4 oF 16 selector} | L— =p D03_9 
4—BIT WIDE - 

MODE 1 OF 16 SELECTOR A ‘ao >= DO7_4 


ees 3 


«o—_|>— —_\>—* ALL STAGES 


15 


TRW LSI Products Inc. Phone: (619) 457-1000 ©TRW Inc. 1990 
PO. Box 2472 FAX: (619) 455-6314 40601336 Rev. D-6/90 
La Jolla, CA 92038 Printed in the U.S.A. 


TDC1011 


Tit 


Pin Assignments 


Ss 
ON Oa Fwnr = 


24 Pin DIP — J7 Package 
24 Pin CERDIP — B2 Package 
24 Pin CERDIP — B7 Package 


25 NC 
¢ 24 Lg 
-¢ 22 GND 
21 GND 

20 MC 
/ 19 NC 


28 Contact Chip Carrier — C3 Package 


Functional Description 


General Information 


The TDC1011 consists of two 4-bit wide, adjustable 
length shift registers. These registers share control Sightels 
and a common clock. 

Power 


The. TDC1011 operates from a single +5 Volt supply. 


Inputs 


The eight inputs to the TDC1011 are divided into two 7 
groups of four, and are intended to support the 


TDC1028, which has inputs in groups of four bits. The 


lengths of these two groups are different when the 


Mode Control (MC} is HIGH (refer to the Controls © 


section). The incoming data is unchanged by the = 
TDC1011. All inputs are fully TTL compatible and all. 
internal circuitry is static. 


Outputs 


The outputs of the TDC1071 are delayed relative to vile 
input signals. The amount of the delay Is programmable 
(refer to the Controls section). The outputs remain valid 


16 


_ for a minimum of tyo nanoseconds after the leading 


edge of CLK. This allows the data to be latched into 
circuits with non-zero hold time requirements. 


Clock 


The TDC1011 operates synchronously from a single 


master clock line; which can be clocked up to 18MHz. 
_All operations occur at the rising edge of the master 


clock. Since the internal circuitry is static, the clock can 


be gated if desired. 


Controls 


The TDC1011 has four length selection controls and one 
mode selection control. The operation of these controls Is 


shown in Jable 1. 


No Connect 


There are several pins labeled no connect (NC) on the 
-TDC1011 C3 Package, which have no connections to the 


chip. These pins should be left open. 
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Package Interconnections 


Signal Signal 
Type Name J7, B2, B7 Package Pins C3 Package Pins 
Power Vec Positive Supply Voltage 8 
GND am 
Inputs Bigg 1,2, 3, 4, 9, 10, 11, 12 2, 3, 4, 5, 10, 12, 13, 14 


MC (Wd a 


24, 23, 22, 21, 16, 15, 14, 13 1, 28, 27, 26, 18, 17, 16, 15 
9 


Controls 


RO 
oS 


No Connect 


rm 
w 


Table 1. Length Programming 


D03_ DO7_4 D03. DO7_4 
L3 Length Length = Length 


0 0 0 0 18 
0 0 0 1 18 
0 0 1 0 18 
0 0 1 1 18 
0 1 0 0 18 
0 1 0 1 18 
0 1 1 0 18 
0 1 1 1 18 
1 0 0 0 18 
1 0 0 1 18 
1 0 1 0 18 
1 0 1 1 18 
1 1 0 0 18 
1 1 0 1 18 
1 1 1 0 18 
1 1 1 1 18 
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Figure 1. Timing Diagram (Preset Length Controls) 


| = | | wae : 
XXXKKK # XXKKKKI KKXKNKI KKK 


| ai —— 
|} 


DO7_9 ) ee Sa a. DATA \/ 
ZN , ZN : = AN N+1 JN 


Figure 2. Length Control Operation 


eo KOK OK FX KK ee OOOO 
ee XXX = KKK = KK XXXKK' = DOOOX |= XX 


D079 


Figure 3. Equivalent Input Circuit 


Figure 5. Test Load 


500 © 


TO 
output Pin l vvv-—° Vioap 


I 40pF 
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Absolute maximum ratings (beyond which the device may be damaged) ! 


SSE IDE DUE AGG cae ccs ciate cscs cn ada eeu cto hoc eect a ein Buena eo tana to ten ane one ates —0.5 to +7.0V 
Input 
Pivplied: Voltage ansehen aaah aoe ene nha ea Nd ate ha RS Sth Mt aint —0.5 to +5.5V 2 
PONCOU OLN FEN iccass ies heepaseeccrveacetreettacaitae ine cata berate Sesldncieicensieessle hates ns gt aithsabiee hheuenceled dency seimeaicel ays —6.0 to +6.0mA 24 
Output 
Applied VOM aG: xtatoceeesaents asc csees aass ieee awash ween aaah aoe erm eee ne ees —0.5 to +5.5V2 
sea: OR: 1c >] | gece aan em ee Seta SMUT earl tire RO eet ee PROC eae CORSE CM VOR TET OEE AON NTE Sen Tete ne —10 to 60mA 34 
Short-circuit duration (single output in HIGH state to Ground) 0... sescscsesssssseesscssscsescsescsssssescsnessaeeseeeesseases we 1 Second 
Temperature 
CEL ALHNG CASO cas cts cyve cies cucd cp aseanesies shan diaztaracs issn chaser cabanas pastes abeeaeueue ei es eaters eta em tates 4 ea huis caetgsehuy Mteaitoe tate —55 to +125°C 
MUIPVGEUOUY: vcs bests 5a Sse tt aehcte ca tt eapsundicge co taagaak es udariy dS races se eeea lets esau Recep et as Cate hate ogden Rsate nate 175°C 
Lead SOlMer ing (10SEC OMS) secs scveicsviasiecaiseniniatacvaliahas tive vebenss esl usasadivuvaees axe tad apuctienssats oan etauteiPudl chain Dectapuce a Maer emetea Seeerenteebans 300°C 
+S) (01 [6 | cape ORE En ee POP Ne RUTTER Se Oa ESET SE OST aT eR mE PEC Mer rh ae RS nto Soe —65 to +150°C 
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 
2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


Parameter [Min [Nom [Max |Win [ Nom [ Max | Unit 


Vi Tat Vag, Logi IG ee 
Tc Case Temperature is Hr: een —55 he ocd 125 °C 
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Electrical characteristics within specified operating conditions 
| Temperature Range 
Standard Extended 
Parameter Test Conditions | Min | Max | Min | Max | Units 
WL Input Current, Logic LOW Veco = Max, V;=0.4V 
| Data Inputs mA 
pf 10 | = 10 | ma 
ly Input Current, Logic HIGH Voc =Max, V)=2.4V ee ee are eS a 
I Input Current, Max Input Voltage Vee =Max, Vj=5.5V mr a mA 
Vo, Output Voltage, Logic LOW Vec= Min, Ig, =Max a V 
VoH Output Voltage, Logic HIGH Vec=Min, Igy =Max ae eee V 
los ~ Short-Circuit Output Current Vec=Max, Output HIGH, one pin to 
ground, one second duration max. mA 
G)___Input Capacitance Ta= 25°C, F=IMH2 | w || 08 | oF 
Co _— Output Capacitance Ty =25°C, F=1MHz ar a pF 
Switching characteristics within specified operating conditions 
Parameter Test Conditions | | Min | Max | | Max | Units 
tex Clock Rate a Vec=Min 
Static Length Controls 15 MHz 
Dynamic Length Controls | Pf tof | MHz 
tp Output Delay | Vec=Min, Test Load: Vj gap =2.2V eo a ns 
ns 


20 


tug Output Hold Time Vec=Max, Test Load: Vj gap =2.2V 


Notes: 1. All transitions are measured at a 1.5V level. 
2. Guaranteed, not tested. 


eS ee Mae eae 
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Application Notes 


The TDC1011 has two types of applications: as a support Further description of the use of the 1DC1011 to support 
device for the TDC1028, and as a general variable-length the TDC1028 is given in TRW LSI Products Inc. Appli- 
shift register. cation Note TP-22. 


To support the TDC1028, the lengths will be set to one ‘For general use, it is important to note that the length 
of the following: control inputs are registered. There are no constraints on 
1. Both sections 9 stages long. the use of the control leads other than the operational 

requirements shown in the Operating Conditions Table. 


9 Nn anatinn atannn lann tha athne anntin a oe ; 

Be OE ae J siages iong, ine other section 16 Specifically, the length can be increased from one clock 
Stages (Ong. period to another and proper operation will occur; no 

3. Both sections 18 stages long. data is lost, except the eighteenth stage. 


The sections are interchangeable only if the lengths are 
identical. 


Ordering Information 
Product Temperature Range Package Package 
Number Marking 
TDC1011B2C STD—-Tp=0°C to 70°C Commercial 24 Pin CERDIP | 1011B2C 
TDC1011B2A EXT—Te = —58°C to 125°C High Reliability 24 Pin CERDIP ' 1011B2A 
TDC1011B7C STD—T,=0°C to 70°C Commercial 24 Pin CERDIP 2 1011B7C 
TDC1011B7A EXT—Te = —55°C to 125°C High Reliability 24 Pin CERDIP 2 1011B7A 
TDC1011C3C STD—T,=0°C to 70°C Commercial 28 Contact Hermetic Ceramic Chip Carrier 1011C3C 
TDC1011C3A EXT—Tce=—55°C to 125°C High Reliability 28 Contact Hermetic Ceramic Chip Carrier 1011C3A 
TDC1011J7C STD-T,a=0°C to 70°C Commercial 24 Pin Hermetic Ceramic DIP 1011J7C 
TDC1011J7A EXT—Te= —55°C to 125°C High Reliability 24 Pin Hermetic Ceramic DIP 1011J7A 


Notes: 1. 0.3 inches wide. 


2. 0.6 inches wide. Cu 
All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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First-In First-Out Memory 
64 Words by 9 Bits Cascadable 


The TRW TDC1030 is an expandable, First-In First-Out 
(FIFO) memory organized as 64 words by 9 bits. A 
i5MHz dala rate makes lt ideal in nigh-speed appil- 
cations. Burst data rates of 18MHz can be obtained in 
applications where the device status flags are not used. 


With separate Shift-In (SI) and Shift-Out (SO) controls, — 
reading and writing operations are completely inde- 
pendent, allowing synchronous and asynchronous data 
transfers. Additional controls include a Master Reset 
(MR}, and Output Enable (OE). Input Ready (IR) and 
Output Ready (OR) flags are provided to indicate device 
status. 


Devices can be easily interconnected to expand word and 
bit dimensions. The device has all output pins directly 
opposite the corresponding input pins, facilitating board 
layouts in expanded format. All inputs and outputs are 
TTL compatible. 


reatures 


64 Words By 9 Bits Organization 


e 15MHz Shift-In, Shift-Out Rates With Flags 
e 18MHz Burst-In, Burst-Out Rates Without Flags 


AYN ALI 


LOIVIFTZ 
Readily Expandable In Word And Bit Dimension 
TTL Compatible 


Pe ee he ES. 2 
Udotdudvlit 1U 


e Asynchronous Or Synchronous Operation 


Three-State Outputs 

Master Reset Input To Clear Control 

Output Pins Directly Opposite Corresponding Input Pins 
For Easy Board Layout 

Available In 28 Pin Ceramic DIP, CERDIP, Or Contact 
Chip Carrier = 


Applications 


High-Speed Disk Or Tape Controller 

Video Time Base Correction 

A/D Output Buffers 

Voice Synthesis 

Input/Output Formatter For Digital Filters And FFIs 


Functional Block Diagram 


INPUT 
STAGE 


1 >7_ > 


MAIN OUTPUT 
REGISTER STAGE a >Z > 05-9 
62 x 9 x . 


1x9 : 
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Functional Block Diagram 


OUTPUT - 
STAGE | 


MAIN 
REGISTER 
62x 9 


0 S7_ > stace [——— > 


so 


CONTROL LOGIC ane 
c ~ 


MA 
Pin Assignments 
GND 1 28 Voc 
GND 2[ 27 MIR 
IR 3 26 SO 
Sl 4 25 OR 
Dp 5 24 Qy 
D, 6 23 Oy 
Do 7 22 Qo 
D3 8 21 Q3 
Dy 9 20 Oy 
D, 10 19 Os 
Dg 11 18 Og 
D7 12 17 0 ! 
He 16 0, | 5 ae ods 
GND 14 0 15 OE aadd&ad& 


28 Lead DIP — J6 Package 28 Contact Chip Carrier - C3 Package 
28 Lead CERDIP - B6 Package : : 


Functional Description 


Data Input (Figure 1) | | 
Following power up, the Master Reset (MR) is pulsed LOW to —-‘ The data remains at the first location until SI is set LOW. With 


clear the FIFO (Figure 2). The Input Ready (IR) flag HIGH © = ——‘SI_LOW, the data then propagates to the second location and 
indicates that the FIFO input stage is empty and available to continues to “fall through” to the output stage or last empty 
receive data. When IR is valid (HIGH), Shift-In (SI) may be. location. If the FIFO is not full after the SI pulse, IR will again 


asserted, thus loading the data present at Dg through Dg into be valid (HIGH), indicating that there is space available in the 
the FIFO. Bringing the SI signal HIGH causes IR to drop LOW. ‘FIFO. If the memory is full, the IR flag remains invalid (LOW). 
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With the FIFO full, the SI can be held HIGH until a Shift-Qut Input Ready (IR) pulse HIGH and awaiting data is shifted in. 
(SO) occurs (Figure 3). Following the SO pulse, the empty The S! must be brought LOW before additional data can be 
location “bubbles up” to the input stage. This results in an shifted in. : 


Data Transfer 


After data has been transferred into the second location by in an asynchronous manner. The data stacks up at the end of 
bringing S| LOW, the data continues to “fall through” the FIFO the device, leaving the empty locations up front. 


Data Output (Figure 4) 


The Qutput Ready (OR) flag HIGH indicates that there is valid up’ to the input stage. At the completion of the SO pulse, OR 

data at the output stage (pins Og-Qg). An initial Master Reset goes HIGH. If the last valid piece of data has been shifted out, 

(MR) pulse LOW at power up sets the Output Ready LOW leaving the memory empty, the OR flag remains invalid (LOW). 

(Figure 2). Although the internal control circuitry is cleared, With the FIFO empty, the last word shifted out remains on the 

random data remains on the output pins. Data shifted into the output pins Og-Qe. 

FIFO (after MR) “falls through” to the output stage, causing OR 

to go HIGH, and replaces the random data with valid data. With the FIFO empty, the SO can be held HIGH until a S| 
occurs (Figure 5). Following the S! pulse, the data “falls 

When the OR flag is valid (HIGH), data can be transferred out through” to the output stage. This results in an OR pulse HIGH 

via the Shift-Qut (SQ) control. An SO HIGH results in a “busy” and data is shifted out. The SO must be brought LOW before 

(LOW) signal at the OR flag. When SO is brought LOW, data is — additional data can be shifted out. 

shifted to the output stage, and the empty location “bubbles 


Data Inputs 


The nine data inputs of the TDC1030 are TTL compatible. 

There is no weighting to the inputs, and any one of them can data input pins (i.e., 8 x 64, 7 x 64. ..1-x 64). In the 

be assigned as the MSB. The memory size of the FIFO can be — reduced format, the unused data output pins must also be left 
reduced from the 9 x 64 configuration by leaving open unused —_open. 


J6, C3, B6 Package 


Data Input 


Data Input 
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Data Outputs 


The nine data outputs of -the TDC1030 are TTL compatible, The memory size of the FIFO can be reduced from the 9 x 64 


capable of driving four low-power Schottky TTL (54/74 LS) = —_—_— configuration by leaving open unused data output pins 
unit loads or the equivalent. There is no weighting to the lie, 8 x 64, 7 x 64... 1x 64). In the reduced format, the 
Outputs, and any one of them can be assigned as the MSB. unused data input pins must also be left open. 

Name | Function | Value | | _ J6, C3, BG Package 

Oy Data Output Pin 24 

Q, 

® 

03 

Oy 

Qs 

a 


Data Output | 


Controls | | 
Sl. The rising edge loads data into the input stage. © MR MR LOW clears all data and control within the 
: The falling edge triggers the automatic data FIFO: Input Ready flag is set HIGH, Output 
transfer process. : Ready flag is set LOW, and the FIFO is cleared. - 
The output stage remains in the state of the 
SO. The rising edge causes OR to go LOW. The | last word shifted out, or in the random state of 
falling edge moves upstream data into the power up. 
Output stage and triggers the “bubble up” 
process of empty locations. OE With the OE LOW, the: outputs of the FIFO are 
| | | TTL compatible. When disabled 
(OE HIGH), the outputs go into their 
high-impedance state. 
J6, C3, B6 Package 
SI Pin 4 
SO Shift-Out Pin 26 
MR Master Reset Pin 27 
OE Output Enable — 
Power 


The TDC1030 operates from a single +5.0V supply. All power 


and ground pins must be connected. 
Supply Voltage +50 
Digital Ground 0.0 


J6, C3, BE Package 


Pin 28 
Pins 1, 2, 14 
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Status Flags 


Input Ready (IR) and Output Ready (OR) flags are provided to IR An IR flag HIGH indicates that the input stage 
indicate the status of the FIFO. Operation with use of the flags is empty and ready to accept valid data. An IR 
is explained in the Functional Description. In this mode of LOW indicates that the FIFO is full or that a 
operation, the Shift-In and Shift-Out rates are determined by previous SI operation is not complete. 
the status flags. It is assumed that a Shift-In or Shift-Qut 
pulse is not applied until the respective flag (IR, OR) is valid OR An OR flag HIGH assures valid data at the 
(Figures 1 and 4). Output stage {pins Og-Qg). However, the OR 
Hag. Gees Wot MGicd Le Wheiiln CraieL Gre AG 
The IR and OR flags are not required to operate the device. A any new data awaiting transfer into the output 
high-speed burst mode is achievable when operating without stage. An OR LOW indicates that the output 
the flags. Refer to the High-Speed Burst Mode section for a stage Is “busy”, or that there is no valid data. 


complete description. 


J6, C3, B6 Package 
Pin 3 


Input Ready Flag 
Output Ready Flag 


Application Notes 


Expanded Format 


The TDC1030 is easily cascaded to increase word capacity expanded beyond the 18 bits X 64 words configuration shown 
without any external circuitry. Word capacity can be expanded in Figure 9. i | 
beyond the 128 words X 9 bits configuration shown in Figure | | 

6. In the cascaded format, all necessary communications and High-Speed Burst Mode 


timing are handled by the FIFOs themselves. The 
intercommunication speed is controlled by the minimum flag 
pulse widths and the flag delays. (See Figures 7 and 8.)The 
maximum data rate when cascading devices is 13MHz. 


Burst rates of 18MHz can be obtained for applications in which 
the device status flags are not used. In this mode of 
operation, the Burst-In and Burst—Qut rates are determined by 
the minimum Shift-In Pulse Widths, and Shift-OQut Pulse 
Widths (See Figures 10 and 11). With the Input Ready and 
Qutput Ready flags not monitored, a shift pulse can be applied 
without regard to the status flag. However, a Shift—In pulse 
which would overflow the storage capacity of the FIFO is not 
permitted. 


With the addition of a logic gate, the FIFO Is easily expanded 
to increase word length (Figure 9). The basic operation and 
timing are identical to a single FIFO, with the exception of an 
additional gate delay on the flags. Word length can be 
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TDC1030 Timing Diagrams 


Figure 1. Shifting In Sequence, FIFO Empty To FIFO Full 


VFS SHIFT IN 3RD | | 
: THROUGH | 
SIH ee 63RD WORDS | 
Gh SHIFTIN \4 SHIFT IN SHIFT IN \ Ne a? 
2ND WORD 64TH | | 


: 2 
SHIFT—IN 


wr X x XK KR XXXXXXXXXKX 


ts 


1. Input Ready initially HIGH - FIFO is prepared for valid data. 5. Input Ready goes HIGH (tip delay after SI LOW) - status 


2. Shift-In set HIGH - data loaded into input stage. flag indicates FIFO prepared for additional data. 
3. Input Ready drops LOW (typ delay after SI HIGH) - input 6. Repeat process to load 2nd through 64th word into FIFO. 
stage “busy.” 7. Input Ready remains LOW - with attempt to shift into 0 ful 


4. Shift-In set LOW - data from first location “falls through.” FIFO, no data transfer occurs. 


Figure 2. Master Reset Applied With FIFO Full 


———— tvrw 


TTT 


=_— Vy 


—<—_—_—_——— 'mrsiq ———__—_> 


ILL LLLLLLLL | 


1. Input Ready LOW, Output Ready HIGH - assume FIFO Is 4. Qutput Ready drops LOW (tyrop, delay after MR) - flag 


SHIFT—IN 


full. indicates FIFO empty. 
2. Master Reset pulse LOW - clears FIFO. 5. Shift-In HIGH (tyyps) delay after MR) - clearing process 
3. Input Ready goes HIGH (tyjpipH delay after MR) — flag complete, move new data into FIFO. 


indicates input prepared for valid data. 
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Figure 3. With FIFO Full, Shift—In Held High In Anticipation Of Empty Location 


SHIFT—OUT 


SHIFT—IN 


. INPUT READY 


1. FIFO is initially full, Shift-In is held HIGH. 4, 


2. Shift-Out pulse - data in the output stage is unloaded, 


“bubble up” process of empty location begins. ? o: 


3. Input Ready HIGH (try fallthrough delay after SO pulse) - 
when empty location reaches input stage, flag indicates FIFO 
is prepared for data input. 


—_———— tip 


Input Ready returns LOW - data Shift-In to empty location 
is complete, FIFO is again full. 

S! brought LOW - necessary to complete Shift-In process, 
allows data “fall through” if additional empty location 
“bubbles up.” 


Figure 4. Shifting Out Sequence, FIFO Full to FIFO Empty 


tlFgg 
tsou 
SHIFT-OUT 
ouTput ! 
READY 
tor 
DATA 
OUTPUT 1ST WORD 


1. Output Ready HIGH - no data transferring in progress, valid 5. 


data is present at output stage. 


2. Shift-QOut set HIGH - results in OR LOW. 6. 


3. Output Ready drops LOW (top delay after SO HIGH) - 


Output stage “busy.” iE: 
4, Shift-Qut set LOW - data in the input stage is unloaded, 8. 


and new data replaces it as empty location “bubbles up” to 
input stage. 
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SHIFT OUT 3RD 
THROUGH 
63RD os rs Fh 


TN > “is __ @u 


LAK soem 7 wmwoo XXX 


FIFO EMPTY —G4TH 
WORD REMAINS AT 
OUTPUT PINS 


Qutput Ready goes HIGH - transfer process completed, 
valid data present at output. 


Repeat process to unload the 3rd through 64th word from 
FIFO. 


Qutput Ready remains LOW — FIFO is empty. 
shift-Qut pulse asserted - with attempt to unload from 
empty FIFO, no data transfer occurs. 
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Figure 5. With FIFO Empty Shift Out Is Held High In Anticipation Of Data 


_SHIFT-IN 


SHIFT- OUT 
‘FT top 


cea ean me OSES 05555 me eee F 


DATA OUTPUT 


1. FIFO is initially empty, Shift-Qut is held HIGH. | 4. Output Ready HIGH — (try fallthrough delay after S! pulse), 


2. Shift-In pulse - loads data into FIFO and initiates “fall OR flag signals the arrival of valid data at the output stage. 
through” process. 5. Output Ready goes LOW - data Shift- Out i is complete, 
3. Data Output transition - (tpgF delay before OR HIGH!) valid FIFO is again empty. 
data arrives at output stage. 6. Shift-Qut set LOW - necessary to complete Shift-Qut 
process, allows “bubble up” of Ue location as data “falls 
through.” . 


Figure 6. Cascading For Increased Word Capacity — 128 Words X 9 Bits | 


SHIFT —IN OUTPUT READY FLAG 


__ INPUT READY FLAG SHIFT OUT 


64 WORDS ~ 
x 9. BITS 


64 WORDS 
- x9 BITS 


DATA INPUT 


MR OE Os ai Ds 
ee Se wie \/ 
MASTER RESET 


OUTPUT ENABLE 


Qs) |Z _ > DATA OUTPUT 


The TDC1030 is easily cascaded to increase word capacity themselves. Figures 7 and 8 demonstrate the | 
without any external circuitry. In the cascaded format, all intercommunication timing between FIFO A and FIFO B. 
necessary communications are handled by the FIFOs aa | 
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Figure 7. FIFO — FIFO Communication: Input Timing Under Empty Condition 


INPUT 
READY A ? 
SHIFT-IN 
A CY 
Ve PIII IY NNN 
tir 
sats NAY 77777 
DATA OUT Al SIO Al a es 
Aiki A NEW DATA 
‘DOF ‘rT 
3 Y 
OUTPUT READY B ALLL LLL) q 
DATA OUT B 
1. FIFO A and B initially empty, SO (A) held HIGH in 5. IR (B) and SO (A) go LOW - (typ delay after S! (B) HIGH), 
anticipation of data. flag indicates input stage of FIFO B Is “busy,” Shift-Qut of 
2. Load one word into FIFO A - SI pulse applied, IR pulse FIFO A is complete. 
results. , 6. IR (B) and SO (A) go HIGH - (typ delay after SI (B) LOW), 
3. Data Out A/Data In B transition - (tpg delay before OR input stage of FIFO B is again available to receive data, SO 
(A) HIGH), valid data arrives at FIFO A output stage prior to is held HIGH in anticipation of additional data. 
OR flag, meeting data input setup requirements of FIFO B. 7. OR (B) goes HIGH - (try delay after S! (B) LOW), valid 
4. OR (A) and Sli (B) pulse HIGH - (tey delay after SI (A) data Is present at the FIFO B output stage. 


LOW), data is unloaded from FIFO A as a result of the 
Qutput Ready Pulse (Tgp), data is shifted into FIFO B. 


Figure 8. FIFO — FIFO Communication: Output Timing Under Full Condition 


OUTPUT READY B Sei 
ce ee ee ee 
SHIFT- QUT B 


‘rT ea PS 
= {TITITLY * \W\X\ 
OUTPUT READY A! VAANN ALL} 5 
DATA OUT A/ de 1 be 
DATA SHIFTED INTO FIFO B |X NEW WORD AT OUTPUT STAGE OF FIFO A 
DATA IN B 
INPUT READY A ELLIS LLL) 6 
1. FIFO A and B initially full, SI (B) held HIGH in anticipation 4 OR (A) and SI (B) go LOW - (tgp delay after SO (A) HIGH), 
of shifting in new data as empty location “bubbles up.” flag indicates the output stage of FIFO A is “busy,” Shift-In 
2. Unload one word from FIFO B - SO pulse applied, OR to FIFO B is complete. 
pulse results. 6. OR (A) and S! (B) go HIGH — (tgp delay after SO (A) LOW), 
3. IR (B) and SO (A) pulse HIGH - {tey delay after SO (B) flag indicates valid data is again available at the FIFO A 
LOW), data is loaded into FIFO B as a result of the Input output stage, S! (B) is held HIGH, awaiting “bubble up” of 
Ready Pulse (tlP}, data is shifted out of FIFO A. empty location. 


6. IR (A) goes HIGH — (tey delay after SO (A) LOW), an empty 
location is present at input stage of FIFO A. 
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Figure 9. Expanded FIFO for Increased Word Length - 64 Words X ‘18 Bits 


Deo -Og_gp |__Z > DATA OUTPUT 
So : 


DATA INPUT 7» 


R OR 
COMPOSITE COMPOSITE 
INPUT - ae a OUTPUT 
READY | La READY 
rLAG , FLAG 


SHIFT—IN . * | | Pt - SHIFT-OUT 
MASTER RESET TT a 7 OUTPUT ENABLE 
TE ex wonns °° 
$4 SI x9 BITS so Ba 


MR OE 


DATA INPUT ame Dg_o Og_9 DATA OUTPUT 
| og 9 
The TDC1030 is easily expanded to increase word length. and timing are identical to a single FIFO, with the exception of 
Composite Input Ready and Output Ready flags are formed an added gate delay on the flags. | 


with the addition of an AND logic gate. The basic operation 


Figure 10. Shift—In Operation In High-Speed Burst Mode 


TF gy 
SHIFT-IN tia | fn | 
it 0, Gl, ¢. 0, @) G0, ¢, GED 0,00, 
ae ts ty — _ 


BS we RXXKXXKXKKXKXAKKAKXKXKXAKARAKKKHN 


In the high-speed mode, the Burst-In rate is determined by pulse can be applied without regard to the flag. A Shift-In 
the minimum Shift-In HIGH and Shift-In LOW specifications. pulse which would overflow the storage capacity of the FIFO 
The IR status flag is a “don’t care” condition, and a Shift-In Is not permitted. 
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Figure 11. Shift-Out Operation In High-Speed Burst Mode 


1lFgg 


a’ 
SHIFT—OUT a 
tsouH 
ye XK dD 
WK sd 


DATA OUTPUT XX 
may KKXKXKXXXKKKKKKKEKK KK XKEKKKKKE KKK 


In the high-speed mode, the Burst-Out rate is determined by specifications. The OR flag is a “don't care” condition, and a 


the minimum Shift-Out HIGH and Shift-Qut LOW Shift-Out pulse can be applied without regard to the flag. 
Figure 12. Equivalent Input Circuit Figure 13. Equivalent Output Circuit 
Ver Vec 
INPUT a 
OUTPUT 


Figure 14. Test Load Figure 15. Transition Levels For Three—State Measurements 


500 


TO V 
OUTPUT PIN | LOAD 


GND THREE - STATE 
OUTPUTS 


0.5V 
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Absolute maximum ratings (beyond which the device will be damaged) | 


SSUUPDIIY» VOU MEDIR seca cca sacs setae cicuctaavuslan veneers kena Sadia nbd dats ost cae bcnb ace edna tag ec srcdent asda decalsmenu omnes ESosesbaweduse rade sanven eratassbidatedsescatiaseanonmentice -0.5 to +7.0V 
Input | . 
Applied volta Qe .nneenernmenetineemensetetteaaanteutentnannannnneesnaatnensnnansni Seccas te han irsndtas lane tnadinns sbbaa -0.5 to +5.5V2 
POPGOM CITE s.srsssxscasveawcesorceercrucocavtgasaniSadsmsassentnistete Sash ats cits dcr ula enh tera oaasetalbst dan eased banana ngceosemtiat naa 70 UMO AD. UNIA 
Output 
| Applied Voltage: sesssssssssssssssssssssssssssssessssssesnesneeeees Draper tena ates teneee ieee aes tele ease ta -0.5 to +5.5V2 
Forced CUITeMt sees Beata tire tciect Rr aanrata ene ats Ree een a ee -1.0 to +6.0mA34 
Short circuit duration (single output in high state to QrOUMA) .........scsssssssesesnsssseessssssesssesaesssestessensesanssssstensernsssseneesessnsssteaneassssseesetanansnenesssssesenes 1 sec 
Temperature ~ ar 
. Operating, a eee sj besa edeTicd an eel eaeta cate cae aa eatin baemicena cutee -60 to +140°C 
JUNCUON eta caacteipenecctaindrens DP saline eee seiaach ciety els cct nan tslenant pices canta Renaceananona +175°C 
Lead, Solderirsg:? (10: S@Cirids) -sscsinzssiesasesnviiss- cos caceesextesbissan docscstunnssontcvetesecSaiawsulvsectcrtcmgniissuialesahaapaitinsesadptecceabonpeutoecbeeaaises dastbeasledelbenetpsestihachasatincannsaditiaes +300°C 
SHOE E DG = esis cetacean cashiers Spica Black eae aA lay aeacecs ta nuaaean lo aaa aOR Mean lactate men aaaTR Tes —65 to +150°C 
Notes: | 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as positive when flowing into the device. 


Operating conditions 


Temperature Range | 


| Min | Wom | Max | 
voc Sit Vag os | so | om} | a | ss |v 
‘SL Shit—In Pulse With, LOW ao |. |. | a 

toy Shift-In Pulse Width, HIGH a rr ae ee ee 

ts __eput Setup Tin a a ee 
go. Shit-Out Pue Witt, Low eae a a ee I ee ee 
Vi, Input Votage, toxic Low P| Pw 


lot | Output Current, Logic LOW | ee mA 


~ low Output Current, Logic HIGH a ee eee eee 400 UA 
Ta Ambient Temperature, Still Air et a te °C 
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Electrical characteristics within specified operating conditions 


Temperature Range 
Standard Extended 


| 
> 


3 
> 


Parameter | Test Conditions Units 


Icc Supply Current Vec = Max, static 
Ty = O°C to 70°C 


Te = -S5°C to 125°C 
Te = 125°C 


a 
poe 
ae 
[ee= woz fd 
Coc Mee | 
festa 
a 
cal 
aes 


lis Input Current, Logic LOW Vec = Max, Vv) = 0.4V 


Oa-p 
SI, SO, OF, MR 


li ‘Input Current, Logic HIGH Vec = Max, Vj = 2.4V 5 HA 
I Input Current, Max Input Voltage Vcc = Max, Vj = 5.5V 

Vo. ‘Output Voltage, Logic LOW Vec = Min, Ig, = Max V 
Voy Output Voltage, Logic HIGH Vec = Min, Igy = Max V 
Igz,  HIGH-Z Output, Leakage Current, Logic LOW Vcc = Max, V; = 0.4V WA 
loZH HIGH-Z Output, Leakage Current, Logic HIGH Vec = Max, VW) = 2.4V UA 
Igs Short Circuit Output Current Vec = Max, One pin to ground, mA 


one second duration, output HIGH. 


C Input Capacitance Ty = 28°C, F = 1.0MHz 
Cg Output Capacitance Ty = 25°C, F = 1.0MHz 


pF 
pF 


c 
fo] 
Nh 
— 


TRW reserves the right to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or 
others. 
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Switching characteristics within specified operating conditions | 


Temperature Range 


"Parameter a Test Conditions | Min | Max | Min | Max | 
| Fey Burst-In Clock Rate Vec=Min 2 | FB TT MHz 


tuo Data Output Hold Time Vec=Min, Test Load: Vj gap =2.2 


Feg Shift-Out Clock Rate Vec=Min 15 MHz 
- Feo Burst-Out Clock Rate Vec=Min MHz 
tor | Output Ready Delay Vec=Min, Test Load: Vj gap =2.2V ns 
tp Data Output Delay | Vec=Min, Test Load: Vi gap =2.2V ns 


tMiRW Master Reset Pulse Width. Vec=Min 


| 2 ns 

twroRL Master Reset to OR LOW - Vec=Min, Test Load: Vi gap =2.2V ns 
-twrigqH —s Master Reset to IR HIGH : Vec=Min, Test Load: Vj gap =2.2V 

twrs; Master Reset to SI | | Vec= Min | | ) ns 

- tp Input Ready Pulse Vec=Min, Test Load: Vj gap=2-2V ns 

top Output Ready Pulse | ‘Vec= Min, Test Load: Vj gap=2.2V 45 ns 

too Data To Output Flag Delay Vec=Min, Test Load: Vj gap =2.2V ns 

- teENA Three-State Output Enable Delay Vec=Min, Test Load: Vj gap =1.8V ns 


tpis Three-State Output Disable Delay Vec=Min, Test Load: Vj gap = 2.6V 
for tpIso: 0.0V for tpjsq 2 


( No 
ol] > o1 
Oo; om on eS 
oi; &> [o>] _ —_— | 
—_ OO} o1 o1 ort oi ai 
aS [o>] 
or O1 
= 
”N 


Notes: 1. All transitions are measured at a 1.5V level except for tpjo and tepj,, which are shown in Figure 15. 


— 


2. tpjs1 denotes the transition from logical 1 to three-state. 
tpisg denotes the transition from logical 0 to three-state. 


Ordering Information 
Product Temperature Range Package Package 
Number Marking 
TDC1030B6C STD—Tyj=0°C to 70°C Commercial 28 Pin CERDIP 1030B6C 
TDC1030B6A EXT—Te=—55°C to 125°C High Reliability 28 Pin CERDIP 1030B6A 
TDC1030C3C STD—Ty=0°C to 70°C Commercial 28 Contact Hermetic Ceramic Chip Carrier 1030C3C 
TDC1030C3A EXT —Te=—55°C to 125°C High Reliability 28 Contact Hermetic Ceramic Chip Carrier 1030C03A 
TDC1030J6C STD—T,=0°C to 70°C Commercial 28 Pin Hermetic Ceramic DIP 1030J6C 
TDC1030J6A EXT—Te=—58°C to 125°C High Reliability 28 Pin Hermetic Ceramic DIP 1030J6A 


All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk 
of such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC2011/TMC2111 


7 ANY 


CMOS Variable-Length Shift Register 


8-Bit, 30MHz 


The TMC2011 and TMC2111 are high-speed, byte-wide 
shift registers with programmable delay lengths. 


The TMC2011 can be programmed to any length 
between 3 and 18 stages. It offers a special split-word 
mode which allows for mixed delay lengths. The 
TMC2011, constructed in low-power CMOS, is pin and 
function compatible with the bipolar TDC1011. 


The TMC2111 is a byte-wide shift register that can be 
programmed to lengths of 1 to 16 stages. 


The TMC2011 and TMC2111 are fully synchronous, with 
all operations controlled by a single master clock. Input 
and output registers are positive-edge triggered D-type 
flip-flops. The length and mode controls are also 
registered. Both devices operate with a maximum clock 
rate of 30MHz. 


Built with TRW’s OMICRON-C™ one micron CMOS 


process, the TMC2011 and TMC2111 are TTL compatible, 


low-power replacements for the popular TDC1011, used 
in applications ranging from video to bit-slice processors. 


Features 


@ Low Power CMOS 


e Pin Compatible Replacement For The TDC1011 
(TMC2011) : 


e Inputs And Qutputs Fully TTL Compatible 
@ 30MHz Clock Rate (Worst Case Commercial} 


e Selectable Delay Lengths (TMC2011: 3 To 18 Stages, 
TMC2111: 1 To 16. Stages) 


e Special 4-Bit Wide Mixed-Delay Mode (TMC2011} 
e Available In A 24 Pin, 0.3'° Wide CERDIP 


Applications 


Video Filtering 

High-Speed Data Acquisition 
Local Storage Registers 
Digital Delay Lines 
Television Special Effects 
Pipeline Register 
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TMC2011/TMC2111 


TMC2011 Functional Block Diagram 


s A. A A 
4 


MODE 


CLOCK —_|>—— TO ALL STAGES 


TMC2011 Pin Assignments 


Dip 1 24 DOg 
DI; 2 23 DO, 
Dip 3 22 DO» 
Diz 4 21 DOs 
Lo 5 20 Lo 
Ly 6 19 Ly 
Vpp 7 18 GND 
CLK 8 17 MC 
Dig 9 16 DOy 
Dis 10 15 DOs 
Dig 11 14 DOg 
Di7 12 13 DO7 


24 Lead CERDIP — B2 Package 


DO3 26 
DO» 27 
DO, 28 
DOy 1 
Dig 2 
Di, 3 
Dip 4 


25 NC 


Dig 5 


245 
23 L3 


Lo 6 
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™ 
a 
a | 


22 GND - 
21 GND 
20 MC 

19 NC 


Vpp 8 


CLK 9 


Diy 10 


NC 11 


18 DO, 
17 DOs 
16 DOg 
15 DO7 
14 Diz 
13 Dig 
12 Dis 


28 Contact Chip Carrier — C3 Package 


TMC2011/TMC2111 Wit 
TMC20 artuy 
TMC2111 Functional Block Diagram 
Dio mala wake 1 Ril 
2 4-BiT WIDE : 
ae ae a See ae BUDE aor | en a eS D075 
TMC2111 Pin Assignments 
ono 2B Boao 
Dl 1 24 D0, ee ee ee, 
Dy 2 23 DO, 
as sepia D043 26 18 D0, 
ae : = DO» 27 17 DOs 
Lo 5 20 
: : DO, 28 16 D0 
Ly 6 19 L3 
DOg 1 15 DO7 
Vpp 7 18 GND ‘ao 
CLK 8 17 GND mo f 
Ol, 9 16 D0, DI, 3 13 Dig 
Dis 10 15 DOs ol oe 
Dig 11 14 D0¢ 
Diy 12 13 DO7 2 ey ay 8 
; => © 


24 Pin CERDIP — B2 Package 
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28 Contact Chip Carrier — C3 Package 
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TMC2011/TMC2111 


FItuy 


Functional Description 


General Information 


The TMC2011 consists of two 4-bit wide, programmable 
length shift registers. The TMC2111 consists of a single 

8-bit wide, programmable length shift register. The inter- 
nal registers of each device share control signals and a 

common clock. 


Signal Definitions — 


Power 


Vpp, GND The TMC2011 and TMC2111 operate from 
a single +5V supply. All power and ground 
lines must be connected. 


Data Inputs 


Dig-7 Eight inputs are provided for the data, 
which pass through the shift register 
unchanged. The eight inputs on the 
TMC2011 are divided into two groups of 
four bits to allow mixed delay operation. 
The lengths of these two groups are 
different when the Mode Control (MC) is 
HIGH (see Jable 71). When MC is LOW 
both groups have equal delays. The 
TMC2111 consists of a single group of 
eight bits with all data bits having equal 
delays. 


- Data Outputs 


DO0-7 The outputs of the shift register are delayed 


relative to the input signals. The amount of 


40 


Controls 
CLK 


Lo-3 


MC 


the delay is programmable (see Table 7). 
The outputs remain valid for a minimum of 
tHo nanoseconds after the leading edge of 
CLK. This allows the data to be latched into 
circuits with non-zero hold time 


requirements. 


All inputs and outputs are synchronous and 
operate from a single master clock. All 
operations occur on the rising edge of the 
master clock. 


The length select input is used to deter- 
mine the register delay of the TMC2011 
and TMC2111. This input is registered and 
affects the output on the cycle following 
input into the device (see Timing}. Delay 
lengths are as specified in Table 1. 


The Mode Control (TMC2011 Only) is used 
to select the special 4-bit wide split mode 
on the TMC2011. When HIGH the delay on 
DO7_q Is fixed at 18 stages, while DO3.9 
have the delay specified by the length 
select. When MC is LOW, all eight bits 
have equal delays as specified by the 
length select. 
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Table 1. Programming Length Controls 


_ ___ TMC2011 T™MC2111 


D03.9 D074 | D039 | D074 D07-9 
L3 Ly Lo Length Length | Length © Length Length 


0 0 0 0 3 3 3 1 
0 0 0 1 4 4 2 
0 0 1 0 5 5 3 
0 0 1 1 6 6 4 
0 1 0 0 7 7 5 
0 1 0 1 8 8 6 
0 1 1 0 9. g 7 
0 1 1 1 10 10 8 
1 0 0 0 1" 1 9 
1 0 0 1 12 12 10 
1 0 1 0 13 13 11 
1 0 1 1 14 14 12 
1 1 0 0 15 15 13 
1 1 0 1 16 16 14 
1 1 1 0 7: 17 15 
1 1 1 1 18 18 16 
TMC2011 Package Interconnections 
Signal Signal 
Type Name B2 Package Pins C3 Package Pins 
Inputs Diy. 12, 11, 10, 9, 4, 3, 2,1 14, 13, 12, 10, 5, 4, 3,2 Ca 
Outputs D079 13, 14, 15, 16, 21, 22, 23, 24 15, 16, 17, 18, 26, 27, 28, 1 
Controls Length Select 19, 20, 6 5 23, 24, 7, 6 
TMC2111 Package Interconnections 
Signal Signal 
Type Name B2 Package Pins C3 Package Pins 
Inputs Diy9 12, 11, 10, 9, 4, 3, 2, 1 14, 13, 12, 10, 5, 4, 3, 2 
Outputs D07.9 | Data Output == | 13, 14, 15, 16, 21, 22, 23, 24 15, 16, 17, 18, 26, 27, 28, 1 
Controls L239 Length Select 19, 20, 6, 5 23, 24, 7, 6 
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TMC2011/TMC2111 rf * <i 


Figure 1. Timing Diagram (Preset Length Controls} 
| re = ¢ | } 


CLOCK ~— 


| els 


XXX wees XAXXXAK Net’ AXAAAX 
| 


‘ ec. 
— >| ts [tn <— 
Leg X CONTROLS X | 
| Rod ue 


DO7.9 x BATA TSM DATA Wi 
° ZN ZN N ZN N+1 ZN 
| 


X nts XXX 


Note: es “DO7_4 Length” from Table 1. 


Figure 2. Length Control Operation 


CLOCK 
ono XXXKKS* KRRKK S KRREK 2 RNKKK 2 XKKKK KKK 
V/V/V/V/ V/V/V/VV 
Uso” AXXXK §=3 XXX = 3 OO §= 4 OK E= 4 KKK E= 4 KK 
 TMC2011 —~ N75 <7 DATA SDAA DATA SATAN DATA 
DO 7.9 Kx A 8 fn 9 /\___10 7N\ 10 fN 11 


TMC2111 > ee ae DATA \/A DATA \/A DATA \/ DATA \/ - DATA 
DOZg = /\ 8 /\N 9 f\N 9 4\ 10 JN 11 


Figure 3. Equivalent Input Circuit Figure 4. Equivalent Output Circuit 


— Yop 


n SUBSTRATE | n SUBSTRATE 


CONTROL 
INPUT 


= GND 
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Absolute maximum ratings (beyond which the device may be damaged) | 


ITT bai 01: (| epee ee nr eee eee —0.5 to +7.0V 
FUT 01 1 fae, C0] |: 11 Se ee le er reo Ong entre SOO EER CPR a Oy OTe TROT ATT OSPR O Fearon —0.5 to (Vpp+0.5)V 
Output 
PUSYs| TTT Ek (61 LC [ 1 eRe ee ean on RRP Ren EGET Or TT CeO —0.5 to Vpp+0.5)V 
Forced current ate ian te hataenee el ethaginecna fe tet adathec Neca oh ah oe ec ec anea echt tect cee cece caste cas aaa eerste? —3.0 to +60mA 
Short-circuit duration (single output in HIGH state to Ground) oo... ccc csescssessseseecstesescssscssscscsssssueccssscscesscecseseeseceaes 1 Second 
Temperature 
OPELAE NG COSC: sa scearssr ee wetecicteercienatinntendqeesicKenaneaseteimmitere isla ee amee GUNG 2b oscil daceaatas dy eetaynusieiaten —60 to +130°C 
VUCRONG TENT ast ceit ttaceahe hea anc os fe chee aad cota decade hates edea ates acRsee tae fee zane vise hes ate wicca dette eaten Gia carla eg Rea att 175°C 
Lead, soldering (10 seconds) Sr er a ee ee nee Bates road cata tna onsale trenestreteais 300°C 
ST (C1 [6c ee nee Oe TED ET a OTE aE On ee ee ean Pe Beeb hieance ae —65 to +150°C 
Notes: 1. Absolute maximum ratings are limiting values applied individually while al! other parameters are within specified operating conditions. 


Functional operation under any of these conditions is NOT implied. 
2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 


Operating conditions 


Temperature Range 


Parameter | Min | 


| Nom | Min | 


loL Output Current, Logic LOW 


i ie eeeeee ae eee! 

loy Output Current, Logic HIGH Ro alto —2.0 a ere, —20 mA 
a er ae as ee 
a aor ae 


Ta Ambient Temperature, Still Air 
Te Case Temperature 
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DC characteristics within specified operating conditions | 


Temperature Range 
Parameter ; Test Conditions 


Ippo —« Supply Current, Quiescent Vop = Max, Ving = OV aa ae 
Inny Supply Current, Unloaded Vpp = Max, f = 30MHz 30 mA 
NL Input Current, Logic LOW Vop = Max, Vin = OV P20 
ly Input Current, Logic HIGH Vpp = Max, Vin = Vop ted 
VoL Output Voltage, Logic LOW Vop = Min, Io, = Max PT a 

VoH Output Voltage, Logic HIGH Vpp = Min, Igy = Max [eee 2.4 


los Short-Circuit Output Current Vpp = Max, Output HIGH, one pin to 
= ground, one second duration max. 
C; _Input Capacitance Tp = 25°C, f = IMHz a ee a: 


Units 


3 
> 


Co Output Capacitance Ta = 25°C, f = 1MHz 


Note: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 


Switching characteristics within specified operating conditions | 


Temperature Range 


Parameter | Test Conditions Units 


Note: 1. All transitions are measured at a 1.5V level. 


Ordering Information 


Product Temperature Range Package | Package 
Number ao: - Marking 
TMC2011B2C STD—Ty=0°C to 70°C Commercial 24 Pin 0.3” CERDIP - 2011B2C 
TMC2011B2V EXT—Te= —55°C to 125°C MIL-STD-883 24 Pin 0.3" CERDIP 2011B2V 
TMC2111B2C STD—Tpj=0°C to 70°C Commercial 24 Pin 0.3" CERDIP oe 2111B2C 
TMC2111B2V EXT—Te= —55°C to 125°C MIL-STD-883 24 Pin 0.3” CERDIP - 2111B2V 
TMC2011C3V EXT—Te=-—55°C to 125°C MIL-STD-883 28 Contact Hermetic Ceramic Chip Carrier 2011C3V 
TMC2111C3V EXT—Tce= —55°C to 125°C MIL-STD-883 28 Contact Hermetic Ceramic Chip Carrier 2111C3V 


All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LS! Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC3220 


Three Port Register File 
32 Words x 8 Bits, 20MHz 


The TMC3220 is a 32 word x 8-bit three port register 
file with one write port and two read ports. Separate 
enabie controis on the data input and two independent 
outputs allow considerable flexibility in applications 
requiring synchronous or asynchronous data buffering or 
bus multiplexing. Manufactured in TRW’s OMICRON-C™ 
CMOS process, the TMC3220 operates at a guaranteed 
clock rate of 2OMHz over the commercial (0 to 70°C) 
and 15MHz over the extended (—55 to +125°C) 
temperature and supply voltage ranges. All input and 
outputs are TTL compatible. 


Utilizing two separate 32 word x 8-bit dual-port RAMs, 
the TMC3220 allows the user to store input data in one 
or both Register Files, as determined by the write - 
address and enables. Individual read addresses and 
three-state output enables allow data to be read from 
either register file independently. 


The three-port register file is designed to operate with 
the TMC3200/3201 family of floating-point products, and 
has numerous applications as a scratch memory and 
flexible data buffer. Wider data paths and deeper 
memories are easily built by cascading multiple | 
~TMC3220s. 


Features 

e 20MHz Clock Rate 

e Configured For Use With TRW 32-Bit Floating-Point 
Product Family 

Two Fully Independent Read Ports 

separate Write Enables 

Easily Cascadable In Word Size And Depth 

Low Power Consumption CMOS Process 

Three-State Outputs 

Available In A 48 Pin Hermetic Ceramic DIP Package 


Applications 


e Cache Memory For High-Speed Processors 
e Interface For Multiple-Bus Systems 


_ © Coefficient. Storage For Image Processors. 


e High-Speed Program Memory 


Functional Block Diagram =< 


DATA INPUT BUS 
Di7_ 

WRITE ADDRESS 
WwW 


Ag_0 
WEA 


WEB 


REGISTER FILE A 
(32 WORDS x 8 BITS) 


REGISTER FILE B 
(32 WORDS x 8 BITS) 


[> ADDRESS REGISTER B 


| BEAD 
ADDRESS A 


DATA OUTPUT BUS A 
DOA,_ 


DATA OUTPUT BUS B 
DOB;_g 


READ 
ADDRESS B 
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Functional Block Diagram 


CLK . RAAg ~0 
A) 


READ | 
> ADDRESS REGISTER A ADDRESS A 
» 
ry 


CLK OEA 
DATA iNPUT BUS ‘ 
Diy_9 
WRITE ADDRESS 
WAg_9 


y 


WEA 


: V/ ; e 
REGISTER FILE A | DATA OUTPUT BUS A 
(32 WORDS x8 BITS) |Z > = DOA7_9 
aA 


WY 


i 


WEB 


REGISTER FILE B _J\. DATA OUTPUT BUS B 
(32 WORDS x 8 BITS) vay, vay P= D0B7_9 
/N @ 


d 


CLK OEB 
LY, | 


z READ 
> ADDRESS REGISTER B | annpess g 


RAB, _9 


Pin Assignments 


RAA3 1 48 RAA? 
RAAg, 2 47 RAA, 
OEA 3 46 RAAg 
DOAg 4 45 WEA 
DOA, 5 | 44 Vop 
DOA, 6 43 Dip 
GND 7 | 42 Di 
DOA3 8 [| 4 Dio 
DOA, 9 40 Diy 
DOA, 10 39 Diy 
DOA, 11 38 Dis 
DOA] 12 37 CLK 
DOB, 13 36 Dig 
DOB, 14 35 Diy 
DOB, 15 34 WAg 
DOB, 16 33 WA; 
DOB; 17 32 WA? 
Vpp 18 31 WA3 
DOB, 19 30 WA, 
DOB, 20 » 29 GND 
DOBy 21 28 WEB 
OEB 22 27 RABp 
RABg 23 26 RAB, 
RAB; 24 - & 25 RAB? 


48 Lead Ceramic DIP - J4 Package 
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Functional Description 


General Information 


The TMC3220 consists of two identical 32 word, 2-port RAMs. registered, and both 8-bit read ports have independent 
Data can be written to either or both register files as three-state output enable controls. 

determined by the address and write enables. Data ts 

independently read from either register file via seperate read The TMC3220 1s a flexible member of the TRW 32-bit 
address and output enable controls. All interface timing, except _ floating-point product family. See the example on page 7, 


th ntttniuit anghlacn ia annaifiad ralatiuin ta tha riainn adan af rnthiah damana tentan tha sanfiulnana nf tha raniatar FilA inn 
wig Gucpur EnaoieS, 1S SPeCiieG Tema@uve wo wie Msing EGGE Gi With GEMOGNSUatES WIE USEUITESS Or wiE TEGISLET THE i a 
Clock (CLK). All address and data inputs and outputs are typical 32-bit floating-point application. 

Read Sequence Write Sequence 

Data can be read from either register file, independent of any Data is written into either register file by presenting the 8—bit 
other read or write operation, by presenting a 5-bit read input data word, 5-bit write address, and the desired write 
address. With the appropriate output enables selected, 8-bit enables to the input registers. Data is then written into 

data will be available at the outputs within the specified delay. | memory after the clock goes LOW. All inputs must meet the 
Otherwise, the output enables force the output ports to a indicated timing requirements. 


high-impedance state. : | 
The read cycle is initiated by the rising edge of Clock, and the 
data output latches are transparent while Clock is HIGH. The 
falling edge of Clock latches the read data and starts a write 
cycle, avoiding Read/Write contention. 


Signal Definitions 


Power Controls 
Vop, GND ‘The TMC3220 operates from a single +5V WEA, WEB The registered Write Enables for register files A 
supply. All pins must be connected. and B are ORed with Clock to allow the 
registered input data to be written to memory Ca 
Clock when LOW. 
CLK The TMC3220 has a single clock input. All input 


WAq-9 The 5-bit Write Address determines which 
memory location in register files A or B are to 
receive data during a write operation. 


registers are strobed on the rising edge of 
Clock, which is the reference for all timing 
specifications except the three-state output 


ae RAA4_9, The o—-bit Read Address determines which 
RAB4_9 memory location in register files A or B, 
Inputs respectively, will present data to the outputs 
Di7_9 Dl7 through Dlg is the 8-bit registered Data after the specified delay. 


Input port for register files A and B. eae ee . . 
QEA, OEB The Qutput Ports for register files A or B are in 


Outputs , the high-impedance state when the respective 


Qutput Enable control is HIGH. 
DOA? _9, DOA and DOB are the latched 8-bit Data 


DOB7_4 Qutput ports for register files A and B. 
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Package Interconnections 


Signal Signal OW ae 
Type Name J4 Package 
Clock Ci | Clock 3] _ 
Outputs Domep | Data uot AP 
- Control | WA Witte Enable A a a 
ana eee Write Enable B 28 _ 
FW Write Address 30, 31, 32, 33, 34 
RAAg_9 7 Read Address A | 2, 1, 48, 47, 46 
~ RABy_p = Read Address B ~ 23, 24, 25, 26, 27 
OFA - Output Enable A 3 


RAAg_, 
RAB, 4 


DOA] _ 9, DATA DATA1 DATA2 DATA3 DATA4 
DOB7_9 (SEE NOTE 1) | : 


Note 1. Assumes OFA and OFB = LOW. 


Figure 2. Data Write Timing Diagra 


i Sie — 


WEA, WEB 
WA4~9 


DI7_9 
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Figure 3. Equivalent Input Circuit Figure 4. Equivalent Output Circuit 


Vop Ypo 


n SUBSTRATE n SUBSTRATE 


DI D1 


CONTROL 
PUT OUTPUT 
D3 
p WELL p WELL 


= GND 


OEA, OEB 


THREE -—STATE 
OUTPUTS 


0.5V 


Absolute maximum ratings (beyond which the device may be damaged) | 


SB UIIIGR YM REAVER 35 Be Sessa nce se nha Sted ch ptr val dup Sagem baad bouton BUC MMi or eMta pv du cta vase ea acid bana ads cda tote ede -0.5 to +7.0V 
MPMADURE MV UNG ace coat ua cette ancora as tanatvene ccs ceapeacava saeco vod AUST pv Svc NGS Rac eure aaa opel Reoasuaa ocinanten Rata Cana -0.5 to Vpp +0.5V) 
Output 
PUTTER | 1 algae ee ae ne Pee oT ONO ERT EE tO -0.5 to (Vpn +0.5V) 
FOC CU CUT RNE Steet suede esd clan ected tases Cyeccnan aot aecietha Sats Ran Neelicacdia etl, -1.0 to +6.0mA 
Short—circuit duration (single output in HIGH state to Ground) .............scesssssscsssessssscssessseesssessssscsssessssesssecsuecsssscssussssuessusssssesssssuecsasessusesssesssnessanecsssesssessees 1 sec 
Temperature 
CEPR) CASE! ihe sahaalts ectincsthl aba sczenssaaclotasdrocensatectiaistaathadt deesaectiawaeante rates copshce dt acet ateaecte ecccsceeetce ota can nin cele ~60 to +130°C 
. UORUE EUCOFY 455 Sas capacetecuosn advection nasadiia gcse tuansdlGeeich ciel Saco ecusane matsp bled eae ta tse Saale pu cbanses aia aac aaa senate uaa UetaC asa a daeeaste tes 175°C 
Eeeieael, SMELT NNGG:: (1: SECODINEAS) easecet cence recta cs Seether casts il Lav ucovasa en Beha aia ted cececehcaes bt chee bsicamnad opuatcala aie ictaaaea eaeacands 300°C 
SEIN NUDE. accce Petco tudcui ascites be deer esaace tev itic baseless tne tan secdens boas dela ead easivsuaicas boat uecaloseedbaniayeesearsoeeaninereaditona testament —65 to +150°C 
Notes: 


1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 
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Operating conditions 


Temperature Range 
: Extended 


Standard 


Parameter Units 


i} 
nN ‘ 
= 


»— 
~ 
an 
nn 
oS. 
an 
MN 
at 


Vop Supply Voltage 
Vib Input Voltage, Logic LOW 


Vin Input Voltage, Logic HIGH 


RO 
[—) 


lol Output Current Logic LOW 
lou Output Current Logic HIGH 


— 
fon) 


Ty Ambient Temperature, Still Air 


ATE EF 
AIT 


ot 


J 
NRO 
<= 


Te Case Temperature 2 


DC characteristics within specified operating conditions ' 


Temperature Range 
Standard Extended 


Parameter Test Conditions | Min | Max | Min | Max | Units 
lnpo Supply Current, Quiescent Vop = Max, Vin = OV, OEA, OEB = HIGH Rea oh ae mA 
Inpu «Supply Current, Unloaded Vpp = Max, f = 20MHz, O&A, OEB = HIGH ee a ae mA 
I, Input Current, Logic LOW Vop - Max, Vjy = OV a eee 
in__lnput Current, Logic HIGH Voo_= Max, Vin = Yoo es a 
VoL Output Voltage, Logic LOW Vpop = Min, Ig, = Max a V 
Voy Output Voltage, Logic HIGH Vpp = Min, Igy = Max | 24 fT oe] 
loz, Hi-Z Output Leakage Current, Output LOW Vpop = Max, Viy = OV Te ae uA 
loZ7H Hi-Z Qutput Leakage Current, Output HIGH | Vpp = Max, Viy = Vop a uA 
los? ~ Short-Circuit Output Current = | Vpp = Max, Output HIGH, one pin to ground, ~100 mA 
| one second duration max. 

. C)2 * Input Capacitance Ty = 25°C, f = IMHz Ft tw fd] pF 
Co? Output Capacitance Ty = 25°C, f = IMHz ht a pF 


1. Actual test conditions may vary from those shown, but guarantee operation as specified. 
2. Guaranteed but not tested. 


AC characteristics within specified operating conditions 


Temperature Range 


Units 


Test Condtons in [xin [ax 

iy at Hol Tin i SA Ga | 
tej ..-‘Three-State Output Enable Delay ' Vpp = Min, Cigap = 40pF a > a an (ee: an ns 
tos Three-State Output Disable Delay! | Vpp = Min, Cigap = 40pF ees (See es Sn ee ns 
Note: 1. All transitions are measured at a 1.5V level except for tps and tena. 


Parameter 


tey Cycle Time 
Clock Pulse Width, LOW 
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Application Notes 


Using the TMC3220 with the TRW 32-Bit Floating-Point 
Arithmetic Products 


The TMC3220 is a useful member of the TMC3200 family of 
32-bit floating-point products. Figure 6 demonstrates how it 
can be used with in conjunction with the TMC3200 
Floating-Point Arithmetic Unit and TMC3201 Hloating- Point 
Multiplier ta configure a flexible floating-point 
Multiplter-Accumulator module. The MSW flag of the TMC3200 
is used to generate the least significant address bit for both 
TMC3220s, creating a multiplexed, “bit sliced” data path. The 
16-bit output of the two register files is input alternately to 
the LSW and MSW ports of the TMC3200, the upper TMC3220 
always storing the most significant and the lower TMC3220 
always storing the least significant 8 bits of the 16-bit data 
path. 


since both the input and output ports are registered, the 
TMC3220 can handle “write-in—place” algorithms with a two 
clock—cycle latency. Figure 7 shows the block diagram and 
data timing for an application using the TMC3200 


Floating-Point Arithmetic Unit in a usor—configurable 
floating-point accumulator path. Note that the read and write 
addresses are identical. Also, the two TMC3220s are stacked 
to handle the 16-bit data path. The user writes into a 
particular address of the TMC3220 on one clock cycle, then 
reads from the same address on the next. When write enable 
is active, the input data is latched on the rising clock edge, 
but the new data does not appear on the outputs until after it 
is clocked through to the output register on the next clock 


cycle. 


Figure 6. Multiplexed Addressing of the TMC3220 with TRW 32-Bit Floating-Point Arithmetic Products 
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TMC3220 TR 
Failte 7. Raina Path Utilizing TMC3220 
DATA BUS 


TMC3200 


BUS G) OUT 


ADDRESS BUS 
TMC3220 


(2) 


RA, WA 


5 (NOTE 1) 


‘ , on 


DIN, | 


(NOTE 2) 


Notes: - . 
a RAAg_ 9 = RABg_g = WAq_. 
2. Timing Parameters are not shown on this diagram. 


Ordering Information 


Product Package 
_ Number . Marking 
TMC3220J4C STD Ty =0°C to 70°C Commercial 48 Pin Hermetic Ceramic DIP 3220J4C 
TMC3220J4V EXT—Tp= —55°C to 125°C MIL-STD-883 - 48 Pin Hermetic Ceramic DIP 3220JN4V 
All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 


to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 


Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Quality and Reliability 1rtrw 


Quality: Meeting the Customers’ Expectations all critical nodes throughout the manufacturing 


Reliability: Quality Over Time process. Work In Process (WIP) is kept as small as 
possible to minimize cycle times and speed the 
Quality and Reliability begin long before mask is set _ correction of process variations. 


to wafer. Our customers expect our products to 


easily solve difficult problems. Our products are All employees have been trained in the process and 

expected to meet every published specification. procedures of Continuous Performance Improvement 

Every part ordered is expected to arrive on time. (CPI)T™ as a means to resolve all manner of issues 

Every product delivered is expected to work to within our operations, and to implement changes to 

specification when it is installed, and continue to established systems. Numerous 

perform to specification until the system itself process-improvement teams are at work throughout 

reaches end of life. the company analyzing, measuring, experimenting, 
testing, and implementing new methods and 

These goals are accomplished through a rigorous procedures. With company-wide participation, the 

program of product definition, development, TQM Operating Philosophy constantly reinforces the 

characterization, process and product qualification, basic principle that the quality of the finished product 

reliability testing, quality monitoring, reliability (or service) is everyone’s responsibility. 

monitoring, and manufacturing controls. TRW’s 

Total Quality Management (TQM) operating Manufacturing Flows 


philosophy drives us to constantly improve every 
activity in the company, resulting in higher quality,  !RW LSI Products Inc. offers a number of 


more reliable, and more cost-effective products. A manufacturing and screening flows to enable you to 
primary implementation tool is a company-wide Select the optimal product grade for your application. 
Statistical Process Control (SPC) system that The flow used on a specific product is indicated by 
provides real-time feedback on the performance of the grade: 


Table 1. Product Manufacturing Flow Options. 


Manufacturing | Operating 
Designation Flow Temperature Range 

High-Rel High-Rel —55°C to +125°C 
B Industrial Commercial —40°C to +85°C 
C Commercial Commercial 0°C to +70°C 
F Extended Temp Range Commercial —55°C to +125°C 
G Burned-in Com’! w/Burn-in 0°C to +70°C 
V MIL-STD-883 MIL-STD-883 —55°C to +125°C 
M Std Military Dwg MIL-STD-883 —55°C to +125°C 


Trew 


Figure 1. Commercial and Industrial Product Flows » Figure 2. . Military and High-Rel Product Flows | . 
(Grades B,C,F,G) _ 3 a | (Grades A,V, and SMD) . 


[Weter Probe 
_ _ a — Ltigh Magnification Visual 


Wafer Fabrication 


. WaferProbe  —_— 


_ Wafer Saw and Dice 


DieAttach 


Wire Bonding . 
Low Magnification Visual = . _ | Precap Visual Inspection - 


Method 2010, Cond. B 


Wire Bonding 


Plastic Hermetic 


Mold and Cure - 


FineandGrossLeak J Temperature Cycling | 
Method 1014 . | — | Method 1010, Cond. C 


Constant Acceleration 
Method 2001, Y1 Orientation Only 


Visual Inspection 


G-Grade | -Fine Leak Test 
Preburn-in Electrical Test _ Method 1014, Cond. A 

Burn-in Gross Leak Test 
Method 1014, Cond. C 


Preburn-in Electrical Test 
25°C: 


Electrical Test 


External Visual Inspection 74096 A * 
_ . Burn-in 
Method 1015, Cond. A, B, C, or D 


160 hours at 125° C 


Final Electrical Test 
125°, 25°, -55° C 


cae V-Grade, SMD 


7 ~ QUAL/QCI 
~ | Method 5005, Group A, B, C, D 


External Visual 
Method 2009 
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TRW’s quality systems comprise MIL-M-38510, 
Appendix A for High-Rel (A-Grade), MIL-STD-883 
compliant (V-Grade), and Standardized Military 
Drawing (SMD) products; MIL-Q-9858, and 
MIL-I-45208 for Industrial (B-Grade), Extended 
Temperature Range (F-Grade), and Commercial 
(C,G-Grade) products. All quality systems adhere — 
to MIL-STD-45662 for calibration of measurement 
and test equipment. 


Military Products 


Processing 


TRW LSI Products Inc offers three levels of products 
for military applications: 


V-Grade products are fully compliant with 
MIL-STD-883, Class B, and are processed in 
accordance with paragraph 1.2.1 of that specification. 


Selected products are available under the SMD 
(Standardized Military Drawing) program supervised 
by DESC (Defense Electronics Supply Center). 
These products are processed identically to the 
V-Grade product, but their specifications are 
controlled by the US government. They are screened 
to the electrical requirements of the applicable 
military drawing. The SMD program is intended to 
reduce the number of Source Control Drawings | 
(SCDs) in the military system, and has been highly 
successful in that effort. TRW is pleased to add 
products to the SMD program when appropriate: 
contact the factory for information on products not 
yet included in the SMD inventory. 


A-Grade products receive the same screening as 
V-Grade products, but are not fully compliant with 
the current release of MIL-STD-883. These are 
typically older products that were introduced prior to 
revision C of MIL-STD-883. 


TRW LSI Products Inc. 
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Quality Assurance Provisions 


TRW’s military products are processed in accordance 
with the class B quality assurance level requirements 
of MIL-STD-883 and are 100% screened to the 
requirements Method 5004, outlined in Figure 2. 
After screening, Groups A, B, C, and D of 
MIL-STD-883, method 5005 are performed in 
support of V-Grade and SMD products. Inspection 
lots failing to meet these quality conformance 
inspections are rejected from further military 
processing. : 


Group A inspection (Figure 3) consists of electrical 
testing, and is performed on each inspection lot or 
sublot. The test criteria are the electrical parameters 
specified for that individual device in the applicable 
device detail specification. Group A inspection(s) _ 
may also be performed in-line in accordance with 
Method 5005 of MIL-STD-883. 


Figure 3. Group A Inspection (Electrical Tests) 


Quantity (accept no.) 


Subgroup 1 

Static tests at 25°C 116 (0) 
Subgroup 2 

Static tests at maximum reated operating temperature 116 (0) 
Subgroup 3 

Static tests at minimum rated operating temperature 116 (0) 
Subgroup 4 

Dynamic tests at 25°C 116 (0) 
Subgroup 5 

Dynamic tests at maximum rated operating temperature 116 (0) 
Subgroup 6 

Dynamic tests at minimum rated operating temperatuer 116 (0) 
Subgroup 7 

Functional tests at 25°C. 116 (0) 
Subgroup 9 

Switching tests at 25°C. 116 (0) 
Subgroup 10 
Switching tests at maximum rated operating temperature 116 (0) 
Subgroup 11 

Switching tests at minimum rated operating temperature ~ 116 (0) 
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Group B inspection (Figure 4) consists of 
construction testing, and is performed on each 
inspection lot, or date code, for each package type 
and lead finish. Group B tests comprise Resistance © 
to Solvents, Solderability, and Bond Strength. 
Alternate Group B inspection(s) may be performed 
on devices from each week of seal in lieu of being 
performed on each inspection lot, as allowed per: 
Method 5005. - 


Figure 4. Group B Inspection (Construction Related Tests) 


Quantity 
(accept no.) 
_ orLTPD 


Test Method 


Subgroup 2 
Resistance to 
solvents 


2015 | 
2003 or Soldering temperature | 
2022 of 245°C 45°E; 
2011 ConditionCorD) | 


1. The LTPD for solderability test applies to the number of leads inspected, except no less 
than 3 devices shall be used to provide the number of leads required. . 


_ 4 (0) 


Subgroup 3 (Note 1) 
solderability 


Subgroup 5 (Note 2) 
Bond Strength 


Note: 


2. The LTPD for bond strength test is the number of bond pulls selected from a minimum 
of 4 devices. 


Group C inspection (Figure 5) consists of die related 
tests which stress the silicon and circuitry. These © 
tests include operating life and associated end point 
electrical tests for each microcircuit group for wafers 
fabricated during each calendar quarter. Group C 
qualifies the fabrication lot from which the sample 
was selected and all die from the same microcircuit 
group by the same fabrication line for a period of 
one year. 


Figure 5. Group C Inspection (Die Related Tests) 


Quantity 
(accept no.) 
or LTPD 


Test conditions to be 5 
specified (1,000 hours at 
125°C or equivalent) 


Test 


Subgroup 1 
Operating life test 


End point As specified per the - 
electrical parameters applicable detail 
specification 


Group D inspection (Figure 6) consists of package ~ 
related tests and additional tests to stress the silicon 
die. They comprise Physical Dimensions, Lead. 
Integrity, Hermeticity, Thermal Shock, Temperature 
Cycling, Moisture Resistance, Mechanical Shock, — 
Vibration Variable Frequency, Constant : 
Acceleration, Salt Atmosphere, Visual Inspections 
and End Point Electricals; and are performed on each 
package type and lead finish. Group D qualifies the 
inspection lot from which the sample was selected 
and all lots of the same package type and lead finish 
for a period of one year. 


Figure 6. Group D Inspection (Package Related Tests) 


Quantity 
(accept no.) 
Test or LTPD 
Subgroup 1 | 
Physical diminsions 2016 15 
Subgroup 2 : 
Lead integrity 2004 Test Conditions B2 15 
(lead fatigue) 
Pin Grid Array 2028 ~ Condtion D 
Seal (fine and gross) 1014 Test Condition A & C 
Subgroup 3 . 
Thermal shock Test Condition B - 15 cycles 15 
Temperature cycling Test condition C — 100 cycles . 
Moisture resistance 
Seal (fine and gross) Test condition A & C 
Visual examination Criteria per 1004 and 1010 
End point electrical As specified per the 
parameters applicable detail specification 
Subgroup 4. - 
Mechanical shock Test condition B 15 
Vibration, varible . 
frequency. . Test condition A 
Constant acceleration Test condition D or E, Y1 axis 
Seal (fine and gross} Test condition A & C 
Visual examination Criteria per 1010 
End point electrical As specified per the 
parameters applicable detail specification 
Subgroup 5. - 
Salt atmosphere Test condition A ~ 15 (0) 
Seal (fine and gross) 1014 Test condition A & C 
Visual examination |. Criteria per 1009 
Subgroup 6 . : 3 (0) or 
Internal water vapor 1018 5,000 ppm maximum water 5 (1) 
content content at 100°C. 
Subgroup 7 15 (0) 
Adhesion of lead finish 2025 
Subgroup 8 5 (0) 
Lid Torque 2024 
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Reliability 


TRW’s integrated circuit operations were launched in 
the early 1960s to supply TRW’s Spacecraft 
Manufacturing Sector with leading-edge 
semiconductors for advanced military satellite 
programs. In this application, reliability 1s of prime 
importance. 


TRW conducts primary research into factors 
affecting semiconductor life in benign and hostile 
environments, in worst-case design methodologies, 
in semiconductor degradation in severe thermal and 
radiation environments, in the impact of component 
reliability on system performance, and in design 
techniques to maximize system availability and 
performance. A recent product of this work is the 
CPUAX, a 0.5u CMOS SuperChip comprising 

4.1 million active devices on a die 1.5 inches on a 
side, developed under VHSIC (Very High Speed 
Integrated Circuit) Program Phase II. This Processor 
performs 200 MFLOPS (Million Floating Point 
Operations per Second) and is self-testing, 
self-configuring, and self- healing. 


The semiconductor processes and design techniques 
that have been applied to the merchant 
semiconductor business by TRW LSI Products Inc. 
reflect this heritage. Worst-case design is standard 
practice. Worst-case specifications are provided on 
all devices. The processes employed (including our 
original one-micron triple-diffused bipolar process - 
Omicron-B!M and advanced one-micron 
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retrograde-well CMOS - Omicron-CT) are 
fundamentally reliable. From the starting wafer 
material through final passivation, every step is 
conservatively designed, carefully simulated, and 
closely monitored to ensure that your confidence is 
well placed, and that your system will perform to 
specification throughout its life. 


All of these basic reliability-driving considerations 
are applied equally to product manufactured for 
satellites and to devices intended for PCs. They are 
designed to the same rules, built in in the same 
facility, monitored with the same process controls, 
and backed by the same reputation for reliability. 


And the proof is in the practice. Time and again, 
TRW satellites, employing TRW semiconductors, 
have substantially exceeded their design lives. 


Reliability Qualification 


Even with a rigorous design and manufacturing 
methodology, it is important to monitor the reliability 
of the resulting product, both as verification of the 
completed product and as input to improving the 
systems for the the future. TRW LSI Products Inc. 
has a formalized reliability qualification program 
with a focus on design, development and 
manufacturing aspects to ensure superior | 
performance, reliability, and compliance with all 
specification requirements. Tables 2,3, and 4 
outline the qualification guidelines. 


ray 


Table 2. Reliability Qualification Requirements For Hermetic Products 


| 4, fe: Test/ - 
| Full Qualification | ‘Method 
JEST Duration LTPD ACC/SS Condition | 
GROUP B TESTS | | 
B2 > «t "4 
Resistance to Solvents . 15 6/i5 2015 


B3 2003, 3 Devices, 
Solderability 15 0/15 5 Leads/Device 
; — LPTD Applies to No. ofleads = 


B4 . . a 
Internal Visual 0/3 2014 . 
B5 . 2011, Cond.D, 4 Devices; 
Wire Bond Pull = . 16 0/15 ae 4 Wires/Devices 
_ a LTPD Applies to No. of Wires 
B7 : 
Seal ; 
Fine Leak 5 0/45 1014, Cond. A1 
Gross Leak 5 0/45 1014, Cond. C1 


B9 . > _ 
i ear Seng | ts | ms 


GROUP C TESTS 


C1 
Steady State Life Test . 
Bipolar - 1000 Hrs 2/105 | ~ 1005, Cond. B 
Or : 
Dynamic Life Test 125°C 
CMOS 1000 Hrs 1005, Cond. D 
C2 
Temperature Cycle 1010, Cond. C 
Constant Acceleration 2001, Cond. E (30,000g) 
a Y Orient. Only 
Fine Leak 1014, Cond. A1 
Gross Leak 1014, Cond. C1 
Visual Examination 
End Point Electricals Per Applicable Device 
Spec @ 25°C 
GROUP D TESTS 
D1 . 
Physical Dimensions 2016 
D2 
Lead Integrity 2004, Cond. B2 
Fine Leak 1014, Cond. A1 
Gross Leak 1014, Cond. C1 
D3 
Thermal Shock 1011, Cond. B 
Temperature Cycle 1010, Cond. C 
Moisture Resistance 1004 
Fine Leak 1014, Cond. A1 
Gross Leak 1014, Cond. C1 
End Point Electricals Per Applicable Device 
Spec @ 25°C 
D4 
Mechanical Shock 2002, Cond. B 
Vibration, Variable Frea. 2007, Cond. A 


Constant Acceleration 
Fine Leak 

Gross Leak 

End Point Electricals 


2001, Cond E, Y Orient Only 
1014, Cond. Al 
1014, Cond. C1 
Per Applicable Device 
Spec @ 25°C 
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Table 3. Reliability Qualification Requirements For Plastic Products 


TEST 
C17 
Steady State Life Test 
(Bipolar) 
Dynamic Life Test 
(CMOS) 
85/85 (Temp/Humidity/Bias-THB) 
Pressure Cooker Test (PCT) 
Temperature Cycle 
Thermal Shock 
X-Ray 
Die Shear Strength 
Wire 
Bond Pull 


B1 - Gp. D, Sub 2 Test per 883 
Lead Integrity 


Full Qualification 


Duration ACC/SS 
1000 Hrs 5 2/105 
2 
1000 Hrs 1/77 


Test/ 
Method 
Condition 
1005, Cond. B, 125°C 


1005, Cond. D, 125°C 


JEDEC 22, A101, 85°C/85% R.H. 
JEDEC 22, A102, 2 Atm. 121°C 
010, Cond. C, -65°C to 150°C 


1011, Cond, C. -65°C to 150°C 
Top View 
2019 


2011, Cond.D, 4 Devices, 
4 Wires/Devices 
LTPD Applies to No. of Wires 


2004, 4 Leads Per Unit 


B2 2025, 4 Leads Per Unit 
Adhesion of Lead Finish 15 0/15 LTPD Applies to No. of Leads 
B3 2003, 3 Devices, 
Solderability 15 0/15 5 Leads/Device 
LTPD Applies to No. of Leads 
B4 
Resistance to Solvents 15 0/15 2015 - 
B5 | 
Physical Dimensions 15 0/15 2016 
24103A 
Notes: 1. Burn-in and life test temperature may be adjusted to a lower temperature so the junction temperature will not exceed plastic glass transition temperature for a 
specified molding compound. Junction temperature shall be 10°C lower than molding compound glass transition temperature. 
2. Interim readouts at 168, 500 and 1000 hrs. 
3. Interim readouts at 48 and 96 hrs. 
TRW LS! Products Inc. 
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Table 4. Guidelines For SuAMnC anon, Test Requirements 


. QUALIFICATION 
OBJECTIVE _ HIGH TEMP BOND SOLDER | LEAD | SALT +MECH | +CAVITY 
TEST STORAGE | T/C | T/S | *STEAM | *85/85 PULL ABILITY act eae er : 


New Product 
Die Metal 


Glassivation 


Die Layout tte tet tt tt 
MajorFabPrcess | X | oa foto} o {oti | [ae eae es 


New Fab Location GG 
New Assy Location | X | TX} x | x Tx | ot x | x | x Px} x txt of 
Wire Bond [ea a ae Ee (ee 
Die Attach Ee ee 2 ee hia ee a aes 
Molding Compound X | oO TX | XT xX Tx T Pot PT kT 
ST Sm Oe a Ce (a (ee 
Lead Frame [ea a 2 Ee ES a ee ee 
remetcPackage | TXT TT to lo 
Son PE a A 1 (a a SK eS: 
Lead Finis LEE mm Se gee Pe ae: Pe ae ae a is en ee 
Tri/Form [ai Sama; ak ieee (Nees (S(T (al (RE: a 
Marking Pt a | A a A ee Fe 
Notes: + Hermetic Package Only * Plastic Only 
X Mandatory O Optional - May be required if data/engineering judgement indicates need for assessment. 
Mech Seg. - Mechanical Sequence - Gp D, Subgroup 4 Testing 
24104A 
Failure Rate Calculations and Predictions: 
Accelerated stress testing is a very good means of Obviously, the choice of an appropriate activation 
performing reliability evaluations on semiconductor _ energy is of significance and should be carefully 
devices. Testing of this type induces certain determined. Table 5 defines common activation 


reactions within the device and eventually causes it energies used for semiconductor devices. Figure & 
to degrade beyond specified operating limits (Figure represents the Arrhenius plot from which the data in 
7). The reaction rate associated with these changes is Table 5 was derived. 

given in terms of thermal activation energy, Eg. 

Additionally, the reaction rate increases Figure 7. Failures vs Time (Bathtub Curve) 

exponentially with temperature and relates to 
increases in device failure rates. The physiochemical 
process which relates reaction rate to temperature can INFANT RANDOM WEAROUT 
be expressed in the form of the Arrhenius equation: ponte EOIEEneS eve 


R = Ro exp(-Eq/kT) (1) 


Where: R = Reaction rate as a function of time 
and temperature 
Ro =Constant related to temperature 
Eg= Thermal activation energy in 
electron-volts, eV | 
k =Boltzman’s constant, 8.6 x 10-9 eV/°K 
T =Absolute temperature, °K (°C + 273) 


= 
< 
cc 
ri 
cc 
) 
= 
ra 
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Table 5. Activation Energies for Primary Failure 
Mechanisms 


Failure 


Polarizatio 
Aluminum 
Trapping 


Oxide Breakdown 
Silicon Defects 


Contamination 


Mechanism 


n 
Migration 0.5 eV 
1 eV 
0.3 eV 


Figure 8. Arrhenius Plot 
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Determination Of Failure Rates 


In the simplest form, the failure rate prediction at a 
given temperature can be predicted as follows. 


Failure Rate=A= N (2) 
| DH 
Where: N = number of failure 


D = number of devices 
H = number of hours tested 


Assuming that semiconductors exhibit a log normal 
distribution, the simple calculation above would 
coincide with a 50% confidence Level (C.L.), 
which is also known as the mean of the distribution. 
This indicates that 50% of the device population 
will have a failure rate equal to or less than the stated 
value. Other confidence levels may also be used (see 
Figure 5). 


Figure 9. Failure Distribution 


50% C. L. 
90% C.L. 


FREQUENCY 


X, FAILURE RATE 
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Acceleration Factors 


The effects of temperature, time, voltage and other 
related functions is key when predicting life times of 
semiconductor devices. Understanding these effects 
(i.e., failure analysis) with the use of a more accurate 
mathematical model, provides a better means of 
evaluating the change in reaction rate to changes in 
temperature. Hence, expressing the Arrhenius 
equation in a different form will allow the 
extrapolation of a given failure rate at one 
temperature to a corresponding failure rate at _ 
another. This form of the Arrhenius is given as: 
F (T1,T2) = exp (Ea aa 1) (3) 
k TI 12 | 
Where: F =Acceleration factor 
T1= Test temperature 
T2 = Desired temperature 


From the above, the equivalent device hours can be 
determined at temperature T2 for a specific Eg. 


EDH(T2) = F(T1,T2) x DH(T1) (4) 
The failure rate, A, at T2 can be expressed as: 


‘KT2)=__N (5) 
EDH (T2) 


Where: N = Number of failures 
_ EDH = Equivalent device hours 


Chi Square Function 


The most common method of failure rate 
calculations, which may be performed at any 
confidence level, is the use of the Chi Square, 2, 
function. 


n< XA(a4, 2r + 2) (6) 
2DH 
Where: a = 1 - C.L. (Confidence Level) 
r = Number of rejects 


D = Number of devices tested 
H = Number of hours tested 


10 


From the failure rate, the MTTF eat Time To 
Fail) can be expressed as: | 


MTTF=_1 > 1) 
r 


The FIT (Failures In Time) rate is the most common 
expression for failure rates. FITs are defined as i 
failure in 1 x 109 hours. FITs are ee in the 
form: | 


y2 x 109 


FIT = mie 
2DH x F(T1,T2) 


8) 


Reliability Monitor Program 


TRW LSI Products Inc. has an ongoing reliability 
monitor program to ensure early detection of any 
potential reliability concern. This program requires 
that periodic reliability testing be performed on 
various products in order to provide a basic library 

of reliability information. Gathering this information 
provide the data to direct appropriate steps for further 
evaluations or corrective actions. Table presents 
some of the reliability monitors performed. 


Table 6. Reliability Monitors 


Test Test Method 
Operating life | ~—=—2,000hrs, 125°C = |—_—883, 1008 
Autoclave (PCT) JEDEC 22,102 
85/85 (THB) - JEDEC 22,4101 
Thermal Shock 883, 1011/C 
Temp Cycle 883, 1010/C 

| | 24109A 
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Reliability and Quality Assurance Department 


Policy 


It is the Policy of the Reliability and Quality 
Assurance Department of TRW LSI Products Inc. 
to ensure that defect-free products and services are 
provided that conform to corporate and customer 
requirements through Prevention Methodologies, 
Statistical Process Control, and Total Quality 
Management operational philosophies. 


Organization 


At TRW LSI Products Inc, the Reliability and 
Quality Assurance Department reports directly to the 
Vice President and General Manager and comprises 
four functional areas: 

¢ Quality Assurance/Quality Control 


¢ Reliability/Qualification 
¢ Failure Analysis/Analytical Services 
¢ Engineering Services (Document Control) 


Quality Assurance/Quality Control manages and 
implements quality programs to ensure the institution 
and verification of corrective actions. Specifically, 
Quality Control performs quality inspections and 
reports various quality statistics and indicies. 


TRW LSI Products Inc. 


Reliability/Qualification is responsible for 
reliability and qualification testing and performance 
of those tests required during screening and quality 
conformance testing. Additionally, this section 
provides reliability predictions and statistics to our 
customers on released products and processes. 


Failure Analysis/Analytical Services provides the 
continued monitoring of manufacturing processes as 
established by Quality Assurance. Failure Analyses 
provide data to implement changes ensuring that 
repetitive type failures are prevented. 


Engineering Services (Document Control) 
maintains the Configuration Management and 
Document Control systems. These systems are used 
to manage and control the formal release of all 
documents to appropriate control files throughout 
manufacturing and engineering operations. These 
systems also ensure that the rules and processes 
employed in design and manufacturing are properly 
documented and controlled, and that changes are not 
implemented without proper review. 
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Package Information 


Packaging is constantly evolving to meet the needs of the 
customer. We are active participants in the JEDEC JC-11 
committee on mechanical outlines, and the JEDEC JC-13 
committee on military specifications. Package outlines are 
designed to be in compliance with JEDEC Publication 95 
and MIL-M-38510 Appendix C outlines (where applicable). 


Products are offered in both hermetic and plastic versions. 


Hermetic nackasec offered include: 
Awe AD avyv WAAWA SO ALAwWAUMw se 


ye OP Oe oe 6 ee v A 


1) Sidebraze multilayer ceramic DIPs in leadcounts 16 
thru 64 (.100 pitch), 


2) Top/bottom brazed multilayered ceramic formed lead 


DIPs in leadcount 64 (.100 pitch), 
3) CERDIP frit sealed in leadcounts 8 thru 40 (.100 
pitch), 


4) Ceramic quad flatpacks in leadcounts 64 (.040 and 
.050 pitch), 68 (.050 pitch), 84, 100 and 132 (.025 
pitch), 

5) Ceramic JEDEC Type C leadless chip carrier (.050 
pitch) in pad counts 28, 44, 68; 


6) Ceramic JEDEC Type A leadless chip carrier (.050 
pitch) in pad count 68; 


7) Ceramic brazed pin PGA (large outline, .100 grid 
centers) in pin counts 68, 88, and 120; 


8) Metal DIPs in leadcounts 24 thru 46 (.100 pitch), 
9) Metal cans. 


Plastic packages offered include: 


1) Plastic DIPs in leadcounts 8 thru 64 (.100) pitch, 


2) Plastic leaded chip carrier in leadcounts 28 thru 84 
(.050 pitch), 


—arew 


3) Plastic small outline IC in leadcounts 8 thru 20 (.050 
pitch), | 

4) Plastic pin grid array in leadcounts 68 thru 120 (.100 
pitch). | 


See the device detail information to identify which packages 
are offered on a given device. 


Lead finish of the various packages arc 

Package Code Gold Tin Solder Note 
Plastic DIP N X X 1 
Sidebraze DIP J X X 2 
Top/Bottom Brazed DIP J X X 2 
CERDIP B X 

Ceramic Quad Flatpack L, F X X X 

Type C Chip Carrier C X 

Type A Chip Carrier A X 

Ceramic PGA G X 

PLCC R X 

SOIC M X 

PPGA H X 

Metal DIPs S X 

Notes: 1. Solder offered on most products. 


2. Solder offered on all MIL products. 


For hermetic packages, we use the same package materials 
for both military and commercial grade devices. You are 
ensured that commercial grade hermetic packages have been 
procured and qualified to the same standards used for our 
military grade products. 


Product Marking 
Generic product’s part number: 
1048 R3 C 1 
| —— Speed Grade 
Screening: 
C=Commercial 
Others are G, A, V, ... ete. 


Package Code: 


R3=28L PLCC 
See detail drawing for others. 


Basic Device Number (TDC1048) 


The following codes, one of which is stamped on the back of 
each TRW LSI Products Inc. device, identify the “country of 
origin” in which the device was manufactured. 


Code Country of Origin 
Korea Korea 

Hong Kong Hong Kong, BCC 
Philippines Philippines 

Taiwan Taiwan 

CP San Diego, CA, U.S.A. 
SJ San Jose, CA, U.S.A. 
MA Massachusetts, U.S.A. 


TRW LSI! Products Inc. 
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A1 Package 
68 Contact Hermetic Ceramic Chip Carrier 
JEDEC Type A 7 


‘a 


WZ 


7S 


iz TF 


Top View 
Cavity Down 


TRW LSI Products Inc. 


Dimensions 


Inches (Millimeters) 


.075 (1.90) .110 (2.79) 
.050 (1.27) 070 (1.78) 


.033 (0.84) .039 (0.99) 
.940 (23.88) .960 (24.38) 


Note 3 
.075 (1.90) Ref. 
.800 (20.32) Basic 
.400 (10.16) Ref. 
050 (1.27) Basic 
050 (1.27) Ref. 
.040 (1.02) Ref. 


040 (1.02) 055 (1.40) 
68, Note 4 


17, Note 5 


Ref. 90X00181 


Notes: 1. A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 


2. Dimension e: each pin centerline shall be located within .007 inc 
(0.18mm) of its true longitudinal position. 


3. Dimension D: exclusive of package anomalies (lid misalignment, | 
ceramic particles, etc.}. Such anomalies shall not exceed .010 inch 
(0.25mm). 


4. Dimension N: number of terminals. 
5. Dimension ND: number of terminals per package edge. 
6. Controlling dimension: inch. 


PIN 1 IDENTIFIER 


7 ANY 


B2 Package Dimensions 
24 Pin CERDIP. : 


Inches (Millimeters) 


.150 (3.81) .200 (5.08) 
014 (0.36) 023 (0.58) 9 |° 


.050 (1.27) .070 (1.78) 


Notes: ~1. A notch or pin one identifier shall be located adjacent to pin-one and 
es within: the shaded area shown. wes 
2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to. pins 1 and N 
(N =lead count). - 


3. Dimensions E, and en: measured with leads perpendicular to the base 
plane. ; 


: | 040 (1.02) Nominal 

4.- Dimensions Ey, ep and ec: measured to outside edge of lead. c 008 (0.20) _ 015 (0.38) a 

 5.. Dimension eq: measured to lead center. D 1.235 (31.37) 1.280 (32.51) | 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, —E . 280 (7.11) 305 (7.75) a 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch ft mA 
oon Ey 300 (7.62, | 3208.13) | 


100 (2.54) Basic 


7. Dimensions b, b; and c: increase maximum limits by .003 inch e 


{0.08mm) when solder finish applied. en .300 (7.62) Basic 


8. Dimension N: number of leads. ep 400 (10.16) 
9. Standard lead finish is tin plate for all grades. ec are Sad . 
10. Controlling dimension: inch. L 125 (3.17) 200 (5.08) 

a 015 (0.38) 060 (1.52) _ 

Q, 070 (1.78) | | 

S . _ 098 (2.49) 


Ref. 90X00181 


Pe ee eb leb be lac ne tases. oe BASE PLANE Qy 


—— SEATING PLANE = 
L 


20102A 


, : TRW LSI Products Inc. 
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B3 Package 
20 Pin CERDIP 


Notes: 1. 


Z, 


A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 


Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm} of its true longitudinal position relative to pins 1 and N 
{N=lead count). 


Dimensions E, and eq: measured with leads perpendicular to the base 
plane. 


Dimensions E;, @p and ec: measured to outside edge of lead. 


. Dimension En: measured to lead center. 


Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

Dimensions b, by and c: increase maximum limits by .003 inch 
(0.08mm) when solder finish applied. 


Dimension N: number of leads. . 


. Standard lead finish is tin plate for all grades. 
Controlling dimension: inch. 


— na SEATING PLANE 7-H 
Te 


TRW LSI Products Inc. 


Dimensions 


inches (Millimeters) 


.150 (3.81) .200 (5.08) 

.015 (0.38) 021 (0.53) 

.050 (1.27) .060 (1.52) 
.008 (0.20) 012 (0.31) 
.985 (25.02) 


D 

E 220 (5.59) 310 (7.87) 

i 
e 090 (2.29) 110 (2.78) 

ep 310 (7.78) 10 (10.47) 

il ele al 
L 125 (3.17) 200 (5.08) 

i Bical Bekele 
a 020 (0.51) 060 (1.52) 

i ail Bale 
S 060 (1.52) 
| owen | OT 


Ref. 90X00181 


040 (1.02) Nominal 


20, Note 8 


ee eq >| | 
ec —<_— 
<8 20103A 


7rtw 


B4 Package 
8 Pin CERDIP. 


Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 


within the shaded area shown. 


2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N=lead count}. j 


3. Dimensions'E, and en: measured with leads perpendicular to the base 


plane. . . . 
4. Dimensions E1, eg and ec: measured to outside edge of lead. 
5. Dimension en: measured to lead center. 


6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 


7, Dimensions b, by and c: increase maximum limits by .003 inch 
'(0.08mm) when solder finish applied. 


8. Dimension N: number of leads. 
9. Standard lead finish is tin plate for all grades. 
10. Controlling dimension: inch. 


SS 


5 


a 
PIN 1 IDENTIFIER 


ans 
1 


Q 
= BASE PLANE 
L 


7 SEATING PLANE a Se i 


al 


Dimensions 


Inches (Millimeters) 


Min | Max 
015 (0.38) 021 (0.53) 

by 030 {0.78} 070 (1.78) | 

bo | 040 (1.02) Nominal 


c .008 (0.20) 012 (0.31) 
oe | ota 
E .220 (5.56) © .291 (7.39) 

: 
e ~~ 090 (2.29) 110 (2.79) 

en oe | .300 (7.62) Basic 
ep .310 (7.78) 410 (10.41) 

L 125 (3.17) .200 (5.08) 
__e ee 
Q 020 (0.51). 060 (1.52). |}. 
Siac Be 


8, Note 8 
S 055 (1.40) 
S, 015 (0.38) 
Ref. 90X00181 | 
a =: aaa 
a | 
Q, | 
ka 
ec—>| ~<— 
<——— @B 20104A 


-TRW LSI Products Inc. 


arty 


B5 Package 
40 Pin CERDIP 


Notes: ~ 1. A notch or pin one identifier shall be located adjacent to pin one and 


within the shaded area shown.: 


2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N=lead count). 


3. Dimensions E, and eq: measured with leads perpendicular to the base 
plane. 


4. Dimensions E,, €g and e¢: measured to outside edge of lead. 
5. Dimension En: measured to lead center. 


6. Dimensions D and E: inclusive of package anomalies {lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 


7. Dimensions b, b; and c: increase maximum limits by .003 inch 
(0.08mm) when solder finish applied. 


8. Dimension N: number of leads. 
9. Standard lead finish is tin plate for all grades. 
10. Controlling dimension: inch. ° 


D 


TRW LSI Products Inc. 


Dimensions 


Inches (Millimeters) 


.150 (3.81) .225 (5.72) 

.014 (0.36) .023 (0.58) 

.050 (1.27) .065 (1.65) 
.008 (0.20) .015 (0.38) 
2.030 (51.56) 2.096 (63.24) 


p 
E 510 (12.95) 600 (15.24) 
e 

1 ae 
ep 700 (17.78) 

a 


040 (1.02) Nominal 


100 (2.54) Basic 
600 (15.24) Basic 


L 125 (3.17) 200 (5.08) 
ee 
a .015 (0.38) .060 (1.52) 
a | mone | 


40, Note 8 


SS 098 (2.49) 
S, | 005 (0.13) 
Ref. 90X00181 
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B6 Package 
28 Pin. CERDIP 


Notes: 1.- 


Z. 


A notch or pin one identifier shall be located anjacent to pin one and 
within the shaded area shown. 

Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N=lead count). . 


Dimensions E, and e,: measured with leads perpendicular to the base 
plane. — 


Dimensions E,, €p and ec: measured to outside edge of lead. 
Dimension e,: measured to lead center. 


Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 


Dimensions b, by and c. increase maximum limits by .003 inch 
(0.08mm)- when solder finish applied. 


‘Dimension N: number of leads. 
Standard lead finish is tin plate for all grades. 
Controlling dimension: inch. 


Q | 
\ A BASE PLANE 


Dimensions 


Inches (Millimeters) 


Min | Max 
014 (0.36) 023 (0.58) 
by 050 (1.27) 070 (1.78) 
bo | | 040 (1.02) Nominal 


c .008 (0.20) ~ . 015 (0.38) 

E 500 (12.70) 600 (15.24) 

; 

e .100 (2.54) Basic 


eB 700 (17.78) 


L 125 (3.17) 200 (5.08) 
a 015 (0.38) 060 (1.52) 
a | oom | 
S 098 (2.49) 
| mn | OU 


Ref. 90X00181 


SEATING PLANE 
L 


20106A 


TRW LSI Products Inc. 
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B7 Package Dimensions 
24 Pin CERDIP 


Inches (Millimeters) 


.150 (3.81) .200 (5.08) 
014 (0.36) .023 (0.58) 


Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 


2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 


N=lead count). 
AA | | (050 (1.27) ‘070 (1.78) 
3. Dimensions E, and eq: measured with leads perpendicular to the base 
4. Dimensions E1, €g and ec: measured to outside edge of lead. 008 (0.20) 015 (0.38) 
5. Dimensiun e,. measured iu iead ceniel. D 1.209 (31.40) 1.280 (32.51) 
6 


. Dimensions D and E: inclusive of package anomalies (lid misalignment, E 510 (12.95) 610 (15.49) 
uae ee etc.). Such anomalies shall not exceed .010 inch Ey 
7. Dimensions b, 6, and c: increase maximum limits by .003 inch e _ 100 (2.54) Basic 
(0.08mm) when solder finish applied. en 600 (15.24) Basic 
8. Dimension N: number of leads. ~ a ee 
9. Standard lead finish Is tin plate for all giades. 


10. Controlling dimension: inch. L 125 (3.17) 200 (5.08) 
8] .015 (0.38) 060 (1.52) 
S .098 (2.49) 
; 


Ref. 90X00181 


q | + 
oh 


BASE FLANE SEATING PLANE is : 
L 
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B8 Package 
18 Pin CERDIP 


Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and | 


within the shaded area shown. | 


2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N=lead count). 


3. Dimensions E, and e,: measured with leads perpendicular to the base 


plane. | 
4. Dimensions Ey, ep and ec: measured to outside edge of lead. 
9. Dimension eq: measured to lead center. 


6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inc 
(0.25mm). 


7. Dimensions b, b and c: increase maximum limits by .003 inch 
(0.08mm) when solder finish applied. 


8. Dimension N: number of leads. 
9. Standard lead finish is tin plate for all grades. 
10. Controlling dimension: inch. 


18 : 10 


1 9 
PIN 1 IDENTIFIER - is by 


a 


Q | 


ear 


> |x—s —>|||<«— bg __ 
e 
all —>|l<— b ag 
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Por en eL_ePem Leer Le LoseEL_S OL L_! 
eel WY a yi A Sie WUE 0; 


Dimensions 


inches (Millimeters) 


200 (5.08) © 
023 (0.58) 
7.050 (1.27) 065 (1.65). 

bo | 040 (1.02) Nominal 


c 008 (0.20) .015 (0.38) 
E .280 (7.11) 305 (7.75) 


e 100 (2.54) Basic 
ee fed 

L 125 (3.17) .200 (5.08) 

Q .015 (0.38) — .060 (1.52) ' 

: 

S 098 (2.49) 


Ref. 90X00181 


TA 


ais 


| —————— _ SEATING PLANE a a 
L 5 


| i eAa—| | 
aaa . 
<—— €B 20108A 


TRW LSI Products Inc. 
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B9 Package SO - Dimensions 


16 Pin CERDIP 


Notes: 


“a Standard lead finish is tin plate for all grades. 


inches (Millimeters) 


.150 (3.81) .200 (5.08) 
.014 (0.36) 023 (0.58) = | — 


1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 


2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 


N =lead t). 
ieaceud | | ‘050 (1.27) ‘065 (1.65) 
3. Dimensions E, and en: measured with leads perpendicular to the base 
plane. .040 (1.02) Nominal 
4. Dimensions E,, eg and ec: measured to outside edge of lead.  ¢ 008 (0.20) 015 (0.38) 
5» (Dimension 6,\ measured to lead: center. D 750 (19.95) 820:(20.63) 
6 


(0.08mm) when solder finish applied. 


7. Dimensions b, b, and c: increase maximum limits by .003 inch . e 100 (2.54) Basic 
.300 (7.62) Basic 
8. Dimension N: number of leads. ep Ye 


400 (10.16) 
10. Controlling dimension: inch. . L 125 (3.17) 200 (5.08) 
16 . 9 


. Dimensions D and E: inclusive of package anomalies (lid misalignment, E 240 (7.11) 305 (7.75) 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). E; .290 (7.37) 320 (5.13) 
Q .015 (0.38) 060 (1.52) 
| | a, .070 (1.78) ~~ S 


E S 080 (2.03) 
| | Sy 005 (0.13) 
1 8 Ref. 90X00181 
PIN 1 IDENTIFIER - L by a a re 
D : 


Fiche se BASEPLANE Qy 


SEATING PLANE 
, he | 
> k—s = ng e4 ——>| 
$1 — ae <«—— ep 2 
‘ 0109A 


i 


ML 
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C1 Package Dimensions 
68 Contact Hermetic Ceramic Chip Carrier 


Inches (Millimeters) 


PIN 1 IDENTIFIER | eG | Min | Max 
| . | 082 (2.08) 110 (2.79) 
| : 2 . | 022 (0.56) 028 (0.71) 
- | 


‘6a eee ir 006 (0.15) 022 (0.56) 
0 eae a D 938 (23.82) 962 (24.43) 
61 43 D; ‘075 (1.90) Ref. 
D3 400 (10.16) Basic 
Ds 850 (21.59) Ref. 


D \GfiGF | ey 015 (0.38) 

h 040 (1.02) Ref. 
| L 045 (1.14) 055 (1.40) 
; 


ik | ra Ls 075 (1.91) 095 (2.41) 
N 68, Note 4 
ane ” ND 17, Note 5 


Ref. 90X00181 


A Notes: 1. A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 
k . 2. Dimension e: each pin centerline shall be located within .007 inch 
PIN 1 IDENTIFIER (0.18mm) of its true longitudinal position. 
3. Dimension D: exclusive of package anomalies (lid misalignment, 

OooOoouduao soOUUOUUOUULS _ ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
* « WZ m (0.25mm). _ 
= * Ke 4. Dimension N: number of terminals. 2 
_ ad 5. Dimension ND: number of terminals per package edge. 
Lt = 6. Controlling dimension: inch. 
aa = 
I 7 
= 7 
— ct Ds 
™ = 
™ = 

Ls = ir a 
[7 = 
= = 
mm = 
y_] = 
= 4 
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C2 Package 
44 Contact Hermetic Ceramic Chip Carrier 


j—__»—_- 


PIN 1 IDENTIFIER 


TRW LSI Products Inc. 


Dimensions 


Inches (Millimeters) 


Min | Max 
.064 (1.62) 110 (2.79) 
.022 (0.56) 028 (0.71) 
.006 (0.15) .022 (0.56) 


.075 (1.90) Ref. 
.500 (6.35) Basic 
.250 (6.35) Basic 
550 (13.97) Ref. 
.050 (1.27) Basic 


.045 (1.14) .055 (1.40) 
003 (0.08) 015 (0.38) 


075 (1.91) 095 (2.41) 


Ref. 90X00181 


.040 (1.02) Ref. 
020 (0.51) Ref. 


44 Note 4 
11, Note 5 


Notes: 1. A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 


2. Dimension e: each pin centerline shall be located within .007 inch 
(0.18mm] of its true longitudinal position. | 

3. Dimension D: exclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm)}. 


4. Dimension N: number of terminals. 


5. Dimension ND: number of terminals per package edge. 
6. Controlling dimension: inch. 


13 


SEEe yy FY 
ritwy 
C3 Package Sg Dimensions 
28 Contact Hermetic Ceramic Chip Carrier 
Inches (Millimeters) 
Sym [Min | Max | _Notes 
D A 064 (1.62] 100 (2.54) 
| By 022 (0.56) 028 (0.71) | 
{ag Dy aoe] B 006 (0.15) 022 (0.56) : 
D AA2 (11.23) 460 (11.68) 
D; | 075 (1.90) Ref. 
D3 .150 (3.81) Basic 
Dr 350 (8.89) Ref. 


e 050 (1.27) Basic 
2 

h (040 (1.02) Ref. 
a 
L 045 (1.14) 055 (1.40) 

: 


Ls .075 (1.91) 095 (2.41) 
N 28, Note 4 
ND 7, Note 5 


Ref. 90X00181 


Notes: 1. A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 


Dimension e: each pin centerline shall be located within .007 inch 
(0.18mm) of tts true longitudinal position. 


Dimension D: exclusive of package anomalies (lid misalignment, 
ceramic particles, etc.}. Such anomalies shall not exceed .010 inch 


N 


\eS) 


(0.25mm). 
A 4, Dimension N: number of terminals. 
5. Dimension ND: number of terminals per package edge. 


Controlling dimension: inch. 


lop) 


Ls 


> fe: 


V/* 
TLL, 


| | C 
i) 
PIN 1 IDENTIFIER 
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GO Package 
68 Pin Grid Array, Cavity Down 
with Flat Heat Sink 


Notes: 1. Pin one identifier shall be within shaded area shown. 


. Dimension M: defines matrix size. 


1 
2 
3. Dimension N: defines pin count. 
4. Controlling dimension: inch. 

6 


. Optional (TRW option) index pin. 


4 SEE NOTE 1. 


TRW LSI Products Inc. 


Dimensions 


Inches (Millimeters) 


120 (3.05) 185 (4.70) 

025 (0.63) O60 (1.52) 

150 (3.81) .240 (6.10) 

017 (0.43) 020 (0.51) 

O80 (2.03) 

1.140 (28.96) 1.180 (29.97) 
120 (3.05) .140 (3.56) 


050 (1.27) Nominal 


1.000 (25.40) Basic 
100 (2.54) Basic 


11, Note 2 
68, Note 3 


OOOOOOOOOO 
OOOQOOOOO 


KEY (BOTTOM SIDE) FOR PIN ONE IDENTIFIER 


20125A 
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G5 Package Dimensions 
89 Pin Grid Array 7 


Inches (Millimeters) | 


‘1. Pin one identifier shall be within shaded area shown. 


Notes: 


. Dimension M: defines matrix size. — 


. Controlling dimension: inch. : 415 (2.92) 190 (4.83) 
. Optional (TRW option) index pin. . 017 (0.43) 020 (0.51) 


080 (2.03) | 
. ~ 050 (1.27) Nominal ° 


{ 
2 
3. Dimension N: defines pin count. 
4 
5 


1.340 (34.04) | 1.380 (35.05) | 
1.200 (30.48) Basic 
_ 4 100 (2.54) Basic 
13, Note 2 


Ref. 90X00181 


; —-—I|© OO OOOOQOOOQOOO © 
t las °  « 
Dy 


BOTTOM VIEW 


DODDDDTDVOOO 
DOOD DDOOO 
ODODDOOOODODOOO0O9O 


ORIENTATION PIN 

— >oO 
QOOOOAQDODAOAOOO © 
-—|©60000000000M0 


OOO 'O'O.0:- 0.0: 0 © 


PIN 1 IDENTIFIER 20130A 


16 | TRW LSI Products Inc. 


7rtrw 


G8 Package 
68 Pin Grid Array 


Notes: 1. Pin one identifier shall be within shaded area shown. 
. Dimension M: defines matrix size. 

Dimension N: defines pin count. 

. Controlling dimension: inch. 


co & w NM 


Optional (TRW option) index pin. 


APLILS 


YY | 


TRW LSI Products Inc. 


Dimensions 
Inches (Millimeters) 
080 (2.03) 125 (3.18) 
040 (1.02) 060 (1.52) 
115 (2.92) .190 (4.83) 


017 (0.43) 020 (0.51) 


086 (2.03) 


1.140 (28.96) 1.180 (29.97) 
120 (3.05) 150 (3.81) 


050 (1.27) Nominal 


1.00 (25.4) Basic 
100 (2.54) Basic 


11, Note 2 
68, Note 3 


()() — SEENOTES 


© 
©OOOO@ 
| OO 


OOOOOOOOOOO 
AOOOOOOOOO 


OOOO 
OOOOO 


KEY (BOTTOM SIDE) FOR PIN ONE IDENTIFIER 


20133A 
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IAA | | 
H5 Package + Dimensions 
121 Printed Circuit Board : 
Pin Grid Array, Cavity Up | Inches (Millimeters) 
Notes: 1. Pin one identifier shall be within shaded area shown. — | | 125 (3.17) 215 (5.46) | — 
polonnn ora day a | wo 09 | se0.09 | 
4. Dimension N: defines the maximum possible number of pins. Orientation oB 020 (0.51). Note 2 
pin is at supplier's option. a . Bg 050 (1.27) Nominal, Note 2 
5. Controlling dimension: inch. a D 1.340 (34.04) 1.380 (35.05) Square 
e | a ~.100 (2.54) Basic 
Ly 170 (4.32) 190 (4.83) | 
N : 120, Note 4 


Ref. 90X00181 


roPvEW. BOTTOM VIEW 
ere eee ORIENTATION 
A eee PN 


©00o 
000 
©o0O0 
000 
©o°o 
000 
000 
©oOO0of; 
©O00> 
©o0°0O 
©00O 
© O04 
©6 0 


0000000000000 
O©O000000000000 
©OO0O00000000000 
©O000000000000 


000 
000 
000 
000 
000 
000 
©00 
000 
000 
000 
000 
000 
000 


PIN 1 IDENTIFIER . . 20141A 
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7 ANY 


H7 Package 
89 Printed Circuit Board 
Pin Grid Array, Cavity Up 


Notes: Pin one identifier shall be within shaded area shown. 


A; 

2. Pin diameter excludes solder dip finish. 
3. Dimension M: defines matrix size. 
4 


. Dimension N: defines the maximum possible number of pins. Orientation 


pin is at supplier's option. 
5. Controlling dimension: inch. 


OO0QDQDODODODODODOOO 
OOO0OODODOODDNOODO 


TOP VIEW 
CAVITY UP 


OOQ0QOQOOQOOO 


© 
© 
© 
© 
© 
© 
© 
© 
© 
© 


6000000000 
O0000000000 


© 
© 
© 
© 
© 
© 
© 
© 
© 
© 
© 
© 
© 


PIN 1 IDENTIFIER 


TRW LSI Products Inc. 


Dimensions 


Inches (Millimeters) 


125 (3.17) .215 (5.46) 
.080 (2.03) 160 (4.06) 


.016 (0.41) 020 (0.51) Note 2 
.050 (1.27) Nominal, Note 2 
1.340 (34.04) 1.380 (35.05! Square 


1.200 (30.48) Basic 
.100 (2.54) Basic 


110 (2.79) 145 (3.68) 
170 (4.32) 190 (4.83) | 


.040 (1.02) .060 (1.52) 


Ref. 90X00181 


13, Note 3 
88, Note 4 


o) ~~ -—|@000000000000 
fo) -—1-@000000000000 
O a ome) | 7 ome) 
O ome) ome) 
O © O oe) 
O ome) ome) 
O oe BOTTOM VIEW ome) 
O ome) oe) 
O ome) © Oo 
© oe) © oO 
0 oo ORIENTATION PIN =e 56 
O ©O0O00D0DD0O000000 
© -—|l@000000000000 

20143A 
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H8 Package Dimensions 
69 Printed Circuit Board 3 . 
Pin Grid Array, oe we : | es = 
2 er | Notes 

aes 1. Pin one identifier shail Baath shaded area Sieur 

Filecoetenagg m_| meet | te 

4. Dimension N: defines the maximum possible number of pins. Orientation 016 (0.41) 020 (0.51) Note 2 

pin is at supplier's option. . (050 (1.27) Nominal, Note 2 


o 


20 


. Controlling dimension: inch. : 1.140 (28.96) 1.180 (29.97) Square 
| rer 1.000 (25.40) Basic 


.100 (2.54) Basic 
170 (4. 33 .190 n 83) 
68, Note 4 


Ref. 90X0018 


© re) © 
© oO © oO © oO 
© oO © Oo © © Oo 
© oO © oO © © Oo 
© oO © Oo e) . © Oo 
00 CAT UP © 0 D, 0 BOTTOM VIEW © 0 
© oO or Oe © ©O 
© © © ©. © ORIENTATION © © 
. a PIN 
© Oo ome) © © Oo 
© Oo © Oo ©O0O000000000 
Oo -—/I—-O 00000000 
PIN 1 IDENTIFIER soak 


TRW LSI Products Inc. 


a nyens 


JO Package 
64 Pin Hermetic Ceramic DIP 


Notes: 1.. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N =leadcount). 

3. Dimensions E,, E3 and eq: measured with leads petpendicdiay to the 
base plane. 

4. Dimensions E,, @g and ep: measured to outside edge of lead. 

9. Urimensions : and ea: measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
{0.25mm). 

7. Dimension N: defines pin count. 

8. Controlling dimension: inch. 

=| 


\PIN 1 IDENTIFIER 


TTT 


js 


by 


1 


TRW LSI Products Inc. 


Dimensions 


Inches (Millimeters) 


Min | Max 
015 (0.38) 023 (0.58) 

040 (1.02) 

3.170 (80.52) 3.240 (82.30) 

880 (22.35) 910 (23.11) 


890 (22.61) .930 (23.62) 


125 (3.17) 175 (4.44) 
025 (0.63) 065 (1.65) 


100 (2.54) 


100 (2.54) Basic 
900 (22.86) Basic 


64, Note 7 


005 (0.13) 
005 (0.13) 


21 


J1 Package -..... Dimensions 


64 Pin Hermetic Ceramic: DIP. 
Bottombraze with Heat Sink ~~ a8 | | Inches (Millimeters) 


Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 


2. Dimension e: each pin centerline shall be located within 010 inch - 
(0.25mmj of its true jongitudinal position relative to pins 1 ana h se 040 (1.02) 065 (1.65) 
(N =leadcount). : c 008 (0.20) 015 (0.38) 


3, sie Ea; Ey and eA: measured with leads perpendicular to the D 
ase plane. . 
4. Dimensions E,, ep and ec: measured to outside edge of lead. | y + eee UL 
5. Dimensions E3 and ea: measured to lead center. | Ey E27 iad 
6. Dimensions D and E: inclusive of package anomalies (lid misalignment, E3 025 (063) 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch @ 100 (2.54) Basic 
Vi ortanins dimension: inch. 7 : eR | on oe 
8. Dimension Q,: measured from lead braze/ceramic interface. 
9. Dimension N: defines pin count. | i eC EEO 


a 050 (1.27) 
Q, 026 (0.66) 


Cc. 
= 


BASE PLANE 


( S 
SEATING PLANE A | S, 005 (0.13) 

| S 060 (1.52) 

c =— en 2 
F ec sare Ref. 90X00181 
| °B 
A 
L 


33 


PIN 1 IDENTIFIER 


22 _- . TRW LSI Products Inc. 
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J3 Package 
64 Pin Hermetic Ceramic DIP 
Bottombraze 
Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 
2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm} of Its true longitudinal position relative to pins 1 and N 
(N =leadcount). 
3. Dimensions Ey, Ez and en: measured with leads perpendicular to the 
base nlane 
4. Dimensions Ej, €g and ep: measured to outside edge of lead. 
9. Dimensions £3 and eq: measured to lead center. 


SEATING PLANE 


& 


Ec BS AS Be ES Be Be Be BG Be Bl er Sr eS Se ee Me 9 


A\W 


N 


=> 


Dimensions D and E: inclusive of package anomalies (lid misalignment, 


ceramic particles, etc.). Such anomalies shail not exceed .010 inch 
(0.25mm). 


Controlling dimension: inch. 
Dimension Q,: measured from lead braze/ceramic interface. 
Dimension N: defines pin count. 


BASE PLANE 


Mis ee de ee ee ae Ce ee ae ey te yee ie We We Loe ee Ve VC Ce Ae 


‘PIN 1 IDENTIFIER 


TRW LSI Products Inc. 


Dimensions 


Inches (Millimeters) 


125 (3.17) .200 (5.08) 
015 (0.38) 023 (0.58) 


040 (1.02) 065 (1.65) 
008 (0.20) 015 (0.38) 


3.170 (80.52) 3.240 (82.30) 


E .790 (20.07) 810 (20.57) 

Ey 880 (22.35) .930 (23.62) 

| mee | 

e 100 (2.54) Basic 
en 900 (22.86) Basic 


ep 1.050 (26.67) 

fh Rent 
125 (3.17) 175 (4.44) 

a 050 (1.27) 100 (2.54) 

| ome | 


S 100 (2.54) 
S, 005 (0.13) 
So 005 (0.13) 


Ref. 90X00181 
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Ja Package 
48 Pin Hermetic mea DIP 


Notes: 1, 


Zi 


A notch or pin one sieitifiek shall be located adjacent to pin one and 


within the shaded area shown.. 


Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to ‘pins 1 and N 
(N =leadcount). 


Dimensions E, and eA: measured with leads perpendicular to the base 
plane. 


4. Dimensions Ey, @p and ec: measured to outside ee of lead. 
9. Dimension eq: measured to lead center. 


6. Dimensions D and E: inclusive of package anomalies (lid. misalignment, 


ceramic particles, etc.). Such anomalies shall not, exceed .010 inch 
(0.25mm). 


7. Dimension N: defines pin count. 
8. Controlling dimension: inch. 


BASE PLANE 


SEATING PLANE 


24 


PIN 1 IDENTIFIER 


Dimensions 


Inches (Millimeters) . 


Min | Max 
014 (0.35) 023 (0.58) 

040 (1.02) .065 (1.65) 

008 (0.20) .015 (0.38) 


by 

Cc 
D 2.370 (60.20) 
pee 
E, 590 (14.99) 620 (15.75) 

en G00 5 24) Basic 
: ;—_| moon |" 

ec 

N | oe 1) 48, Note 7 
oh wee 


S 100 (2.54) 
S, 005 (0.13) 
So 005 (0.13). 


Ref, 90X00181 


TRW LSI Products Inc. 


7rtry 


J5 Package 
40 Pin Hermetic Ceramic DIP 


Notes: 


te 


Z, 


40 


A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 


Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N =leadcount). 


Dimensions E, and e,: measured with leads perpendicular to the base 
plane. 


Dimensions E;, €g and er: measured to outside edae of lead. 
Dimension e,: measured to lead center. 


Dimensions D and E: inclusive of package anomalies {lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm)}. 


Dimension N: defines pin count. 
Controlling dimension: inch. 


Dimensions 


inches (Millimeters) 


a 
014 (0.35) 023 (0.58) 
.008 (0.20) 015 (0.38) 


025 (0.63) 060 (1.52) 


.590 (14.99) 620 (15.75) 


1.970 (50.04) 
.575 (14.60) 


2.030 (51.56) 
.610 (15.49) 


100 (2.54) Basic 
600 (15.24) Basic 


40, Note 7 


100 (17.78) 
.200 (5.08) 


125 (3.17) 


098 (2.49) 
.005 (0.13) 
.005 (0.13) 
Ref. 90X00181 
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TRW LSI Products Inc. 


BASE PLANE 


SEATING PLANE 


25 


J6 Package 
28 Pin Hermetic Ceramic DIP 


Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area. shown. — 

2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
~({N =leadcount). 

3. Dimensions E, and ea: measured with leads perpendicular to the base 

plane. . . 

4. Dimensions E,, €p and ec: measured to outside edge of lead. 

0. Dimension en: measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 


ceramic particles, etc.]|. Such anomalies shall not exceed .010 inch 
(0.25mm). 


Dimensions 


Inches (Millimeters) 


175 (4.44) 
023 (0.58) 
065 


640 (1.62) 
.008 (0.20) .015 (0.38) 


by 

Cc 

D 1.380 (35.05) 
E, 590 (14.99) 620 (15.75) 


5 (1.65) 


7. Dimension N: defines pin count. CA CA ae | 600 (15.24) Basic 
8. Controlling dimension: inch. ep 100 (17.78) — 
ec 
L 125 (3.17) .200 (5.08) 
N 28, Note 7 
Q .025 (0.63) 060 (1.52) 
S .098 (2.49) 
S] .005 (0.13) 
So .005 (0.13) 
Ref. 90X00181 
28 15 . 
ad Cc | ~— 
————— | 
OY i} \\ 
/ \ 
WY I \\ 
e 
7/ ‘aaa aaa 
OLY eC 
1 14 ep 


PIN 1 IDENTIFIER 
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BASE PLANE 


SEATING PLANE 


TRW LSI Products Inc. 


TAA | | 


J7 Package 
24 Pin Hermetic Ceramic DIP 


Notes: a 


2 


A notch or pin one identifier shall be located adjacent to pin one and 


. within the shaded area shown. . 


Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N =leadcount). 


Dimensions E, and ep: measured with leads perpendicular to the base | 


plane. . 

Dimensions Fs Aen and ee measured to outside edae of lead. 
Dimension en: measured to lead center. 

Dimensions D and E: inclusive of package anomalies (lid misalignment, 


ceramic particles, etc.). Such anomalies shall not exceed .010 inch 


(0.25mm). 
Dimension N: defines pin count. 


Controlling dimension: inch. 


PIN 1 IDENTIFIER 


TRW LSI Products Inc. 


Dimensions 
Inches (Millimeters) 
win | Max 
.120 (3.05) ANS (4.44) 
014 (0.35) 023 (0.58) 
040 (1.02) 065 (1.65) 
.008 (0.20) 015 (0.38) 


1180 (29 97) 1.220 (30.99) 
575 (14.60) 610 (15.49). 


.590 (14.99) .620 (15.75) 
.125 (3.17) .200 (5.08) 
.025 (0.63) .060 (1.52) 


.098 (2.49) 


100 (2.54) Basic 
.600 (15.24) Basic 


24, Note 7 


005 (0.13) 
.005 (0.13) 


Ref. 90X00181 
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J8 Package 
18 Pin Hermetic Ceramic DIP 


A notch or pin one identifier shall be located adjacent to pin one and 


Notes: 1. 
within the shaded area shown.- 


2. Dimension e: each pin centerline shall be located within 010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N =leadcount}. 

3. Dimensions £, and eq: measured with leads perpendicular to the base 
plane. 

4. Dimensions Ey, eg and ec: measured to outside edge of lead. 

9. Dimension eq: measured’ to lead center. 


6. Dimensions D and E: inclusive of package anomalies {lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm)}. 


7. Dimension N: defines pin count. 


8. Controlling dimension: inch. 


28 


Dimensions 


Inches (Millimeters) 


by .040 (1.02) .065 (1.65) 
c .008 (0.20) .015 (0.38) 


D 885 (22.48) 915 (23.24) 

. 

E, .290 (7.37) .320 (8.13) 

en 300 (7.62) Basic 
18, Note 7 


ec 

| 
N 

S 


.098 (2.49) 


Sy 005 (0.13) 
So 005 (0.13) 


Ref. 90X00181 


BASE PLANE 
SEATING PLANE 


TRW LSI Products Inc. 


J9 Package 
16. Pin Hermetic Ceramic DIP 


Notes: 1. 
within the shaded area shown. 


2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N =leadcount). 


3. Dimensions E, and e,: measured with leads perpendicular to the base’ 
plane. 


4. Dimensions Ey, eg and ep: measured to outside edge of lead. 
5. Dimension e,: measured to lead center. 


6. Dimensions D and E: inclusive of package anomalies {lid misalignment, 7 


| ceramic particles, etc.}. Such anomalies shall not exceed .010 inch 
‘(0.25mm). 


7. Dimension N: defines pin count. 


8. Controlling dimension: inch. 


TRW LSI Products Inc. 


A notch or pin one identifier shall be located adjacent to pin one and 


BASE PLANE 


Dimensions 


Inches (Millimeters) 


Min Mx 
014 (0.35) 023 (0.58) 
040 (1.02) 065 (1.65) 
~ 790 (20.07) 810 (20.57) 
285 (7.24). 305 (7.75) 


290 (7.37) 320 (8.13) 


100 (2.54) Basic 
.300 (7.62) Basic 


125 (3.17) 200 (5.08) 


060 (1.52) 


16, Note 7 


005 (0.13). 
005 (0.13) 


Ref. 90X00181 


SEATING PLANE 
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L1 Package Dimensions 
68 Leaded Hermetic Ceramic Chip Carrier 


- non 


MIMI WN 


Inches (Millimeters) 


605 (0.13) 015 (6.38) 
016 (0.41) .022 (0.56) 


.009 (0.23) ~ 012 (0.30) 
.935 (23.75) .970 (24.64) 


PIN 1 
~ IDENTIFIER 


Qe 


075 (1.91) Ref. 
800 (20.32) Basic 
400 (10.16) Basic 


—_ 


| 


Alun 


Sd 
Sd | 
ee ra 050 (1.27) Basic 
— | ———— 
68 = Ez 350 (8.98) 400 (10.16) 
1 =I E 68, Note 4 
[= . 17, Note 5 
S| = 
=r! = Ref. 90X00181 
— (S Notes: 1. A pin one identifier shall be located adjacent to pin one and within the 
fAlinlinAliAlAliAlinAAllAUn nll 2] ‘shaded area shown, 
2. Dimension e: each pin centerline shall be located within .007 inch 
(0.18mm) of its true longitudinal position. 
3. Dimension D,: exclusive of package anomalies (lid misalignment, ceramic 
particles, etc.). Such anomalies shall not exceed .010 inch (0.25mm). 
10 26 4. Dimension N: number of terminals. 
os |i _ Lag 5. Dimension ND: number of terminals per package edge. 
, 6. Controlling dimension: inch. 
4 
c 
= ane ROS eee 
30 TRW LSI! Products Inc. 
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L3 Package 
84 Leaded Hermetic Ceramic Chip Carrier 


.A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 


2. Dimension D4: exclusive of package snpmalies (lid sissioninant ceramic 
particles, etc.). Such anomalies shall not exceed .010 inch (0.25mm). 


Notes: 1, 


3. Dimension N: number of terminals. 
4. Dimension ND: number of terminals per package edge. 
5. Controlling dimension: inch. 


i mabe 


TE 


PIN 1 IDENTIFIER LOCATED 


= 


TT TTR 
ls 


ed 
SSS ee ee 
i a LT cS TT | 
SSR SE I EAST | ee ae ne ee 
SA EY SRE | 
Ree SE PERLE | 
ed 
a el 
—— «4 

Se eed 
A RET AO | 
ee | 
ee eee eed 
84 


AT am nt 


1 21 


0, ——_____> 


TRW LSI Products Inc. 


Dimensions 


Inches (Millimeters) 


ee 
.060 (1.52) .100 (2.54) 
.055 (1.40) .075 (1.91) 
005 (0.13) .025 (0.64) 

.005 (0.13) 009 0. 23) 

.640 (16.25) .660 (16.76) 


.350 (8.98) 445 (11.30) 


Ref. 90X00181 


.250 (6.35) Basic 
500 (12.70) Basic 
.025 (0.64) Basic 
.035 (0.89) Ref. 


.016 (0.41) Ref. 
84, Note 3 
21, Note 4 
015 (0.38) M 
.004 (0.10) M 


22 
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L4 Package Dimensions 
100. Leaded Hermetic Ceramic Chip. Carrier . 


Inches (Millimeters) 


Notes: 1. A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 


2. Dimension D,: exclusive of package anomalies tid misalignment, ceramic 


080 (2.03) 120 (3.05) 
particles, etc.}. Such anomalies shall not exceed .010 inch (0.25mm). “075 (1.91) 095 (2:41) 


3. Dimension N: number of terminals. A> N05 (9.12) 025 (0.64) 


‘VU {UL TU} 


.008 (0.20) 012 (0.30) 


5. Controlling dimension: ee . 005 (0.13) 009 (0.23) 
: 
| | Dy 300 (7.62) Basic 


e .025 (0.64) Basic 


4. Dimension ND: number of terminals per package edge. b 


.025 (0.64) Ref. 


e4 
e - ao b a <— L 275 (6.98) 330 (8.38) 
; 75 : 51 i 100, Note 3 
we 25, Note 4 
| | 020 (0.51) M 


Ref. 90X00181 
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SUE CI 50 


PIN 1 IDENTIFIER LOCATED 
ON THE BOTTOM 


GUO 


Ee 


(TOP VIEW) 


aie 7: 6° =« 
1 25 
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CE 


qi 
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ot 
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i) 


aaa |, LD <—- 
20161A 


32 TRW LSI Products Inc. 


L5 Package — Dimensions 
132 Leaded CERQUAD 


Inches (Millimeters) 


.114 (2.89) .154 (3.91) 

.055 (1.40) .075 (1.90) 

.008 (0.20) .012 (0.30) 

.005 (0.13) .009 (0.23) 

866 (21.83) .306 (22.84) 

.220 (5.58) .320 (8.12) 
Ee 


C. 
132 | 100 
HA A | _ 


PIN 1 IDENTIFIER 


| 


TOP VIEW 


34 | 66 
—SS= ee 


Notes: 1. “il pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 
2. Dimensions D, and E,: exclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
{0.25mm). . 


3. Dimension N: number of terminals. 


4. Dimension ND: number of terminals per package edge. 


5. Controlling dimension: inch. 1.415 (35.94) Ref. 


025 (0.64) Basic 


132, Note 3 
33, Note 4 


meat 


Ge 
oe 


m 


ep 


20162A 
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L6 Package 
100 Leaded CERQUAD 


Notes: “Ass 


Z; 


a 


25 


C 
100 | | 75 


A pin one identifier shall be located adjacent to pin. one and within the 


~shaded -area shown. 


Dimensions D, and E,: exclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). ss 


Nn: i Al- h 
Dimension N: number of terminals. 


Dimension ND: number of terminals per package edge. 


Controlling dimension: inch. 


PIN tS 
IDENTIFIER | 
| - 


TOP i 


50 


26 
<a Dy 


on 


Bf i 


Dimensions 


Inches (Millimeters) 


a a a 
114 (2.89) .154 (3.91) 
.055 (1.40) .075 (1.90) 

.008 (0.20) .012 (0.30) 

.005 (0.13) .009 (0.23) 


.670 (17.02) .760 (19.30) 
.220 (5.58) .320 (8.12) 


Ref. 90X00181 


1.300 (32.95) Ref. 


.025 (0.64) Basic 


100, Note 3 
25, Note 4 


wale 


>. ——_——— 


noaooononneanoononFonnnAAnaGoaAooaAdo 


a 


=¢- 
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M3 Package ‘Dimensions 
20 Pin Plastic SOIC 300" Ra 


aa ae inches aaa a 


.093 a 36) 104 SS 64) 
.014 (0. ae | 019 cae | 48) 
.009 , ie 23) 013 rere 33) 
496 (12.60) 512 (13.01) 


.291 (7.39) .299 (7.60) 


394 (10.01) 419 (10.64) | 
E, 050 (1.27) Typ. 


.004 (0.10) 012 eM: 30) 


Ref. 90X00181 


an ie 


21579A © 


to t 
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M9 Package Dimensions 
16 Pin Plastic SOIC .300" - . 
| _ =e 3 Inches (Millimeters) 


Sym [Min | Max 
A .093 (2.36) .104 (2.64) 
b .014 (0.36) .020 (0.51) 


Notes 


by 

Cc 009 (0.23) | 013 (0.33) 

D 398 (10.11) 413 (10.50) 

E, 394 (10.01) 419 (10.64) | 

F 089 (2.26) 092 (2.34) 

SO tued Geek 

N 16 
Q .004 (0.10) 012 (0.30) 

a 7 
Ref. 90X00181 | 


-D 


oe 
VOI OOO OY "> searive PLANE | . ae | 
| t 21581A 


Cc 


| 
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7rtw 


ME Package Dimensions 
-14 Pin Plastic SOIC .150” 


Inches (Millimeters) 


.053 (1.35) .069 (1.75) 
.014 (0.36) .020 (0.51) 


.008 (0.20) 010 (0.25) 
.335 (8.51) 344 (8.74) 
.150 (3.81) .157 (3.99) 


228 (5.79) 244 (6.20) Ore 
| 050. (1.27) Typ. 


.004 (0.10) .010 (0.25) 3 


Ref. 90X00181 


Reams val 


Cc 


21583A 
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MH Package Dimensions 
8 Pin Plastic SOIC .150” | 


Inches (Millimeters) 


.053 (1.35) .069 (1.75) 
.014 (0.36) .019 (0.48) 


.007 (0.18) .010 (0.25) 
.188 (4.78) 196 (4.98) 
.228 (5.79) .244 (6.20) 


050 (1.27) Typ. 


PIN’ 
IDENTIFIER 


.049 (1.25) .059 (1.50) 


.004 (0.10) .010 (0.25) 


Ref. 90X00181 
7 E 7 


TTR, | | 
SEATING PLANE | Feo. 3 


21585A 
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NO Package 
64 Pin Plastic DIP 


Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and - 


within the shaded area shown. 


2. Each pin centerline shall be located within .010 inch (0.25mm] of its 
true longitudinal position. 


64 


Dimensions 


Inches (Millimeters) 


_ Min | Max 
.014 (0.35) .022 (0.56) 
.030 (0.76) .070 (1.78) 


3.05 (77.47) 3.245 (82.42) 
.005 (0.13) 


745 (18.92) : 840 (21.34) 
900 (22.86) .925 (23.50) 
125 (3.18) ~ 195 (4.95) 


115 (2.92) 200 (5.08) 
015 (0.38) 
0° 


100 (2.54) Basic 


15° 


Ref. 90X00181 
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Nt Package | | Dimensions 


20 Pin Plastic DIP 


Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 


40 


“eer ae 


“within the shaded area shown. 


2. Each pin centerline shall be ‘located within .010 inch 0 25mm) of its A 
true longitudinal position. b aie (0. 38) ol (0 53) 
b; 
C .009 (0.23) .015 (0.38) 
; 1.013 (25.73) 1.040 (26.42) 
[ese | EE 
755 G 48) .265 (6.73) 
: 
e 090 (2.29) 110 (2.79) | 
. 
PIN 1 IDENTIFIER L 125 (3.18) .140 (3.56) 
Q .020 (0.51) 
a 0° 15° 


Ref. 90X00181 


Riri iis ¢ 


20167A 


Notes 


.060 (1.52) Typ. 
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retry 


N2 Package Dimensions 
24 Pin Plastic DIP .300° 


Inches (Millimeters) 


Min Max 
.01+ (0.35) 023 (0.58) 

045 (1.14) 070 (1.78) 

008 (0.20) 015 (0.38) 

1.180 (29.97) 1.285 (32.64) 


‘905. {0.73} 


.240 (6.10) .310 (7.87) 
115 (2.92) .195 (4.95) 


Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 


2. ach pin centerline shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 


.300 (7.62) Basic 
.100 (2.54) Basic 


PIN 1 IDENTIFIER Dy , 


115 (2.92) 200 (5.08) 
015 (0.38) 
0° 15° 


Ref. 90X00181 
vane 
| cma 
a 


a? 


SEATING PLANE 


sy 


20168A 


TRW LSI Products Inc. 41 


ait 


N4 Package Se ae eee | 
48 Pin Plastic DIP | ve 


Inches (Millimeters) 


| .250 (6.35) | © 
.014 (0.35) .022 (0.56) | 


.030 (0.76) .070 (1.78) 
.008 (0.20) 015 (0.38) 


2.375 (60.32) 2.490 (63.25) 
005 (0.13) fo 2. | 
485 (12.32) 580 (14.73) 
600 (15.24) 625 (15.87) 
125 (3.18) 195 (4.95) 


115 (2.92) .200 (5.08) 
015 (0.38) oe 
0° 


Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
' within the shaded area’shown. = es . 


2. Each pin centerline shall be located within 010 inch (0.25mm) of its | 
true longitudinal position. a 


100 (2.54) Basic 


15° 


Ref. 90X00181 
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TAA | 


N5 Package 7 . Dimensions 
40 Pin Plastic DIP 


inches (Millimeters) 


Minox 
aa 
.014 (0.35) 022 (0.56) 

008 (0.20) 015 (0.38) 
1.980 (50.29) 2.095 (53.21) 
005 {0.13} | 


485 (12.32). | 580 (14.73) | 
600 (15.24) 625 (15.87} 


Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within-the shaded area shown. . 


2. Each pin centerline shall be located within .010 inch (0.25mm) of its — 
true longitudinal position. 


.100 (2.54) Basic 


.125 (3.18) .195 (4.95) 


115 (2.92) 200 (5.08) 
015 (0.38) 
0° 15° 


Ref. 90X00181 
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art 


N6 Package 
28 Pin Plastic DIP 


Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 


2. Each pin centerline shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 


PIN 1 IDENTIFIER Dy 


44 


Dimensions 


inches (Millimeters) 


aaa. ae 
014 (0.36) 022 (0.56) 
030 (0.76) .070 (1.78) 
008 (0.20) 015 (0.38) 


1.380 (35.05) 1.565 (39.75) 
005 (0.13). 


485 (12.32) 580 (14.73) 
.600 (15.24) 625 (15.88) 


115 (2.92) .200 (5.08) 
015 (0.38) 
0° 15° 


Ref. 90X00181 
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N7 Package Dimensions 
24 Pin Plastic DIP 


Inches (Millimeters) 


Pin | Max 
penne 
014 (0.35) 022 (0.56) 

.008 (0.20) 015 (0.38) 


1.150 (29.21) 1.290 (32.77) 


Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 


2. ach pin centerline shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 


24 13 


.005 (0.13) 


485 (12.32) 580 (14.73) 
| .100 (2.54) Basic 


| 115 (2.92) 200 (5.08) 
; 015 (0.38) 
PIN 1 IDENTIFIER 7 ics : é 
a 0 15 


Ref. 90X00181 
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N8 Package | Dimensions 
18 Pin Plastic DIP 7 


Inches (Millimeters) 


Notes: 1.. A ‘notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 


2. Each pin centerline shall be located within 010 inch (0.25mm) of its .210 (5.33) 
true longitudinal position. 014 (0.36) 022 (0.56) 


045 (1.14) .070 (1.78) 
.008 (0.20) 015 (0.38) 


845 (21.46) .925 (23.50) 
.005 (0.13) 


.240 (6.10) .280 (7.11) 
100 (2.54) Basic 
i 


PIN 1 IDENTIFIER 115 (2.92) 160 (4.06) 
| 015 (0.38) 
0° 


Ref. 90X00181 


BASE PLANE 
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N9 Package 
16 Pin Plastic DIP 


Dimensions 


Inches (Millimeters) 


pin | Max 
ree 
014 (0.35) 022 (0.56) 
.008 (0.20) 015 (0.38) 


Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 


within the shaded area shown. 


2. Each pin centerline shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 


745 (18.92) 840 (21.34) 
.005 (0.13) 


.240 (6.10) .280 (7.11) 
.100 (2.54) Basic 


115 (2.92) .160 (4.06) 
.015 (0.38) 
0° 15° 


Ref. 90X00181 
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NH Package Dimensions 
8 Pin Plastic DIP Back — 


Inches (Millimeters) 


eT Max 
.015 (0.38) .021 (0.53) 
.009 (0.23) .015 (0.38) 
.373 (9.47) 400 (10.16) 
.245 (6.22) | 255 (6.48) 
.090 (2.29) 110 (2.79) 


125 (3.18) .140 (3.56) 
.020 (0.51) 
0° ie 


Ref. 90X00181 


Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. es . oe 


2. Each pin centerline shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 


SEATING PLANE 


C 
20176A 
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RO Package 
84 Lead Plastic J-Leaded Chip Carrier 


Notes: 1. 
2. 


“ & Cn 


“J 
or 
= 


c 
=—= > 


meh 
—A 


All dimensicns and tolerances conform to ANSI Y14.5M-1982. 


Datum plane (—H—) located at top of mold parting line and 
coincident with top of lead, where lead exits plastic body. 


Dimension D; and E; do not include mold protrusion. Allowable 
protrusion is .010 inch (0.25mm). 


Details of pin 1 identifier are optional but must be located within the 
zone ea 


Dimension ND: number of terminals per package edge. - 


Controlling dimension: inch. 


Inches (Millimeters) 


Min Max 

.165 (4.20) .200 (5.08) 

.090 (2.29) .130 (3.30) 

013 (0.33) .021 (0.53) 
1.185 (30.10) 1,.795:(30.35) 
1.150 (29.21) 1.158 (29.41) 


1.185 (30.10) 1.195 (30.35) 
1.150 (29.21) 1.158 (29.41) 


.020 (0.51) 


Ref. 90X00181 


Note 3 
84, Note 5 
21, Note 6 


PIN 1 IDENTIFIER 
(SEE NOTE 4) 
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7 INU 


R1 Package ~~. Dimensions 
68 Lead Plastic J-Leaded: Chip Carrier —_. ——- , 
. Inches (Millimeters) 


Notes: 1. All dimensions and tolerances conform to ANSI Y14,.5M-1982. - ies Sym | Min’ [| Max | Notes 


2. Datum plane (-H—) located at top of mold parting line and 


coincident with top of lead, where lead exits plastic body. A 185 (4.20) |: . .200 (5.08) 
3. Dimension Dy and E1 do not include mold protrusion. Allowable Ay . 090 (2.29) 130 (3.30) 

protrusion is .010 inch (0.25mm). y b 013 (0.33) 021 (0.53) 
4. Details of pin 1 identifier are optional but must be located within the b 026 (0.66) 032 (0.81) 

zone indicated. - : * 


5. Dimension N: number of terminals. : a pea 
6. Dimension ND: number of terminals per package edge.” : é Dy 960 (24.13) shi tba pote : 
7. Controlling dimension: inch. , ater a, 
| oes a = E, .950 (24.13) 958 (24.33) Note 3 
| : : - a .050 (1.27) Basic 
ND 17, Note 6 
Qa .020 (0.51) es 


Ref. 90X00181 


PIN 4 IDENTIFIER 
(SEE NOTE 4) 


5 Soh, 
Wy 


DATUM PLANE (-H -) 


Af atu han 
Fro 
A me bibs | fe \ 
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R2 Package 
44 Lead Plastic J-Leaded Chip Carrier 


Notes: 1. 
Z. 


3. 


4. 


a: 


A, 


All dimensions and tolerances conform to ANSI Y14.5M-1982. 


Datum plane (—H—) located at top of mold parting line and 
coincident with top of lead, where lead exits plastic body. 


Dimension D1 and Ey do not include mold protrusion. Allowable 
protrusion is .010 inch (0.25mm). 


Details of pin 1 identifier are optional but must be located within the 
zone indicated. ; 


Dimension N: number of terminals 


Dimension ND: number of terminals per package edge. 


Controlling dimension: inch. 


PIN 1 IDENTIFIER 
(SEE NOTE 4) 


by 


fe 


TRW LSI Products Inc. 


Dimensions 


Inches (Millimeters) 


a a 
.165 (4.20) .180 (4.57) 
.090 (2.29) 120 (3.04) 
.013 (0.33) .021 (0.53) 
.685 (17.40) .695 (17.65) 
.650 (16.51) .656 (16.66) 


.685 (17.40) .695 (17.65) 
.650 (16.51) .656 (16.66) 


Note 3 | 


Note 3 
.050 (1.27) Basic 
44, Note 5 
11, Note 6 


.020 (0.51) 
Ref. 90X00181 
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FX 


R3 Package Dimensions 


28 Lead Plastic J-Leaded Chip Carrier 


Inches (Millimeters) 


Notes: 1. All dimensions and tolerances conform to ANSI Y14.5M-1982. . Sym | Min =| Max Notes 


2. Datum plane (-H-) located at top of mold parting line. and coincident 
with top of lead, where lead exits plastic body. A 


3. Dimension D, and E, do not include mold protrusion. Allowable . Ay 
protrusion is .010 inch (.245mmj. 


4. Details of pin 1 identifier are Optional but must be located within the b 
zone indicated. by 

5. Dimension N: number of terminals. D 
6. Dimension ND: number of terminals per package edge. Dy 

7. Controlling dimension: inch. E 
Ey 

e 

N 
ND 

1] 


ott 
PIN 1 IDENTIFIER 
(SEE NOTE 4) 


yy 


SS 


WSN 


\ 


\\ 


/ ae, 


by 


—_DATUMPLANE(-H+) 
ang SEATING PLANE 


——- ft . ae 
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165 (4.20) 
900 (2.29) 
013 (0.33) 
026 (0.66) 


.180 (4.57) 
120 (3.04) Po 
021 (0.53) 
.032 (0.81) 


485 (12.32) 495 (12.57) 
450 (11.43) 456 (11.58) Note 3 


485 (12.32) 495 (12.57) 

450 (11.43) 456 (11.58) Note 3 
7, Note 6 

020 (0.51) 


Ref. 90X00181 


.050 (1.27) Basic 
28, Note 5 
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WALA 


$3 Package Dimensions 
46 Pin Hermetic Metal DIP, Top Sealed 


gs eine 


ro 

016 (0.41) .020 0. 51) 
2.390 (60.71) 
1.590 (40.39) 


.220 (5.59) 


Notes: 1. Dimension N: number of terminals. 
2. Dimension ND: number of terminals per package edge. 
3. Controlling dimension: inch. 


1.300 (33.02) Basic 
.100 (2.54) Basic 


6°0:0:0:0 OO: O:0"0'0.0' 0 0°0 0 0'O;0'0.0:0'0 


.175 (4.44) 


46, Note 1 
23, Note 2 


Ref. 90X00181 
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7rtw 


$5 Package -.. . Dimensions 
32 Pin Hermetic Metal DIP . : 


Inches (Millimeters) 


Notes: 1. Dimension N: number of terminals. 
2. Dimension ND: number of terminals per package edge. 
3. Controlling dimension: inch. 


1.750 (44.45) 
1.150 (29.21) 


900 (22.86) Basic” 
100 (2.54) Basic 


OOO OCOD OO 00000000 


175 (4.44) 220 (5.59) 
32, Note 1 


16, Note 2 


COO0O0 OO OO COC O00 0} 


BASE PLANE 


x 
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$6 Package Dimensions 
40 Pin Hermetic Ceramic DIP 


Inches (Millimeters) 


Min | Max 
Ps 
.016 (0.41) .020 (0.51) 

.008 (0.20) .015 (0.38) 


2.130 (54.10) 


Notes: 1 Dimension N: the total leadcount. 
2. Dimension ND: the leadcount per package side. 


3. Controlling dimension: inch. 


40 21 1.110 (28.19) 
a i 1.096 (27.84) Basic 
100 (2.54) Basic 
Fe 
N 40, Note 1 
E 20, Note 2 
035 (0.89) 065 (1.65) 
100 (2.54) Ref. 
Ref. 90X00181 
1 20 


PIN 1 IDENTIFIER 


BASE PLANE 
a SEATING PLANE 
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- a npene 


S7 Package (Commercial) Dimensions 
24 -Pin Hermetic Metal DIP 


Inches (Millimeters) 


Notes: 1. ~ Dimension N: the total leadcount. 
2. Dimension ND: the leadcount per package side. 
3. Controlling dimension: inch. 


1.400 (35.56) 
840 (21.34) 


.600 (15.24) Basic 
.100 (2.54) Basic 


‘ wy vy t"’ ny TN 7 
SS we <7 7 Ne wy ON 


\ 
) Nw 


24, Note 1 
12, Note 2 


Ref. 90X00181 


6% ans ~ any 
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S7 Package (Military) Dimensions 
24 Pin Hermetic Metal DIP, Top Sealed 


Inches (Millimeters) 


_ Min | Max 
Prins 
016 (0.41) .020 (0.51) 
1.285 (32.64) 
785 (19.94) 


.220 (5.59) 


Notes: 1. Dimension N: the total leadcount. 
2. Dimension ND: the leadcount per package side. 
3. Controlling dimension: inch. 


.000 (15.24) Basic 
.100 (2.54) Basic 


175 (4.44) 


24, Note 1 
12, Note 2 


Ref. 90X00181 


PIN 1 IDENTIFIER 


5 OP OPO 
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S7 Package (Platform Style) | 
24 Pin Hermetic Metal DIP, Bottom Sealed 


Notes: 1. Dimension N: the total leadcount. 
2. Dimension ND: the leadcount per package side. 


3. Controlling dimension: inch. 


58 


Dimensions 
Inches (Millimeters) 

| 995 (5.72) 

016 (0.41) 020 (0.51) 
1.400 (35.56) 
1.300 (33.02} 


.185 (4.70) .210 (5.53) 


.600 (15.24) Ref. 


100 (2.54) Ref. 


24, Note 1 
12, Note 2 


Ref. 90X00181 
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X1 Package Dimensions 
12 Lead Metal Can (TO-8/MO-12 Style] 


Inches (Millimeters) 
145 (6.68) 170 (4.32) 
016 (0.41) 019 (0.48) 
598 (15.19) 602 (15.29) 
545 (13.84) 550 (13.97) 
010 (0.25) 040 (1.02) 
.026 (0.66) 036 (0.91) 
026 (0.66) .036 (0.91) 


310 (7.87) 340 (8.64) 


Ref. 90X00181 


Notes: 1. Dimension N: maximum quantity of lead positions. 
2. Controlling dimension: inch. 


100 (2.54) Basic 


12, Note 1 
45° 


NEN £ Ye 


PIN 1 IDENTIFIER 


TOP VIEW 
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X2 Package Dimensions 
24 Pin Ceramic DIP 7 


inches (Millimeters) 


Notes: 1. Dimension N: number of terminals. 


2. Dimension ND: number of terminals per package edge. 


265 (6.73) 
020 (0.51) 
060 (1.52) 
015 (0.38) 


1.320 (33.53) 
815 (20.70) 
125 (3.17) .200 (5.08) 


.035 (0.89) 


3. Controlling dimension: inch. 


PIN 1 
IDENTIFIER 


a= i 


_2 by 
b 


.016 (0.41) 
040 (1.02) 
.008 (0.20) 


.800 (20.32) Basic 
.100 (2.54) Basic 


24, Note 1 
12, Note 2 
065 (1.65) 


100 (2.54) Ref. 
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TAA | 


Y8 Package Dimensions 
8 Lead Metal Can 


Inches (Millimeters) 


Min | Max 
.195 (4.95) .205 (5.21) 
015 (0.38) .040 (1.02) 
.165 (4.91) .185 (4.70) 


.1ZU {3.09} 146 {3.00} 


.350 (8.89) .370 (9.40) 


Notes: 1. Dimension N: maximum quantity of lead positions. 
2. Controlling dimension: inch. 


315 (8.00) 335 (8.51) 

.025 (0.89) 
.028 (0.71) .034 (0.86) 
.029 (0.74) .045 (1.14) 
.250 (6.35) .500 (12.70) 


500 (12.70) 
8, Note 1 
45° Typ. 


Ref. 90X00181 


BASE PLANE 
SEATING PLANE 


BOTTOM VIEW TOP VIEW 21587A 
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Z3 Package 
3 Lead TO-92 


62 


Dimensions 


Inches (Millimeters) 


.175 (4.44) .185 (4.70) 


b .014 (0.36) .016 (0.41) 
c 0145 (0.37) .0155 (0.39) 


ob 
oD r. .190 (4.57) Nominal 
oD, 
E .145 (3.68) 
e .090 (2.29) 110 (2.79) 


j 
Ly 
Lo 


a 090 (2.29) Nominal 
r FG .090 (2.29) Nominal 
Ss .083 (2.11) 

a4 10° Nominal 
ag 9° Nominal 


Ref. 90X00181 


Note: 1. Controlling dimension: inch. 
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Glossary 


raw 


ACC Accumulate (Control) 


An active-HIGH control signal which causes the contents of 
the product register to be added to (or subtracted from) the 
output of the multiplier in a multiplier-accumulator. 


Agnp Analog Ground 


Ground reference point for analog power supply and analog 
circuitry. 


BW Full Power Bandwidth 


Bandwidth specified for a flash Analog-to-Digital (A/D) 
converter is different from the bandwidth specification given 
for a purely analog device. Before attenuation becomes a 
significant factor in the performance of the converter, other 
problems may arise, leading to degraded performance. 
Spurious and missing codes might be encountered when the 
analog input frequency exceeds the bandwidth specification. 
Bandwidth for an A/D converter is the maximum frequency 
full-scale input sinewave that can be accurately quantized by 
the A/D converter without spurious or missing codes. A 
spurious code is a code which is grossly inaccurate, such as 
when the input signal is near mid-scale and an output code 
which is a full-scale output is generated. When the signal is 
reconstructed with a D/A converter, this spurious code looks 
like a glitch, and is therefore sometimes referred to as a 
glitch. Bandwidth is measured with worst case power supply 
conditions and sampling at the maximum sampling rate. 


(Fg). 


The test used to determine the bandwidth of an A/D 
converter is the ‘‘Beat Frequency Test.’’ The principle 
behind this test is to use ‘‘aliasing’’ to convert a high- 
frequency input signal to a low-frequency output signal 
which is easier to analyze. This is done by providing the 
A/D converter with a high-frequency sine wave input, and 
then sampling the input at a rate offset by a small delta in 
frequency from an integral (N) multiple of the input 
frequency. A D/A converter is given every Nth A/D output; 
this produces an output signal of the A/D which is an 
aliased version of the input. This is shown in figure 1, 
where the upper high frequency input is sampled at a rate 
slightly faster than three times its frequency (A/D samples 
are taken at the locations of the upper bars), every third 
A/D sample (lower bars) is presented to a D/A converter, 
and the resultant output signal is the bottom low frequency 
signal. In a typical set-up, the analog reconstruction (D/A 
output) is examined on an oscilloscope for spurious and 
missing codes. Figure 2 shows a typical test set-up. A 
spurious code is defined as a non-continuous change in the 
output of the A/D which is not reflected in the input signal. 
Figure 3 shows an example of a spurious code in the 
reconstructed output of an A/D converter. A missing code is 
defined as a code which has a code size less than the 
minimum specified (see definition for Q, code size). Figure 
4 shows an example of the output of an A/D which has 
missing codes. The photographs for figures 3 and 4 were 
both obtained with a beat frequency test. 
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Figure 1. Beat Frequency Test 
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Figure 2. Beat Frequency Test Set-Up 
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Figure 3. Spurious Code 


Figure 4. A/D Converter 
With Missing Codes 


BWR Bandwidth, Reference 


BWR specifies the maximum frequency at which the . 
reference (VREF) may be exercised. It is a small. signal 
parameter since in many cases the reference may only be 
varied by a small portion of its full-scale value. Exceeding 
- the BWR specification may result in the same types of 
coding errors encountered when the BW specification is — 
violated. 


C, Digital Input iencianes 


The amount of capacitive loading present at a digital capte 
Digital input capacitance is measured with a capacitance __ 
bridge, applying a 1MHz signal to the input. 


Ciy Input Equivalent Capacitance 


CIN is an approximation of the largely capacitive input 
impedance of a flash A/D converter. The input capacitance 
is slightly dependent upon the DC level of the analog input 
voltage and the input frequency. The input equivalent 
capacitance must be taken into account when designing a a 
buffer to drive a flash A/D. | 


The method used to test input capacitance involves sending a 


high-frequency signal through a transmission line to the | 
analog input, and determining the input impedance by | 
analysis of the reflected wave. This type of test is performed 
by an R.F. impedance analyzer. 


Co Output Capacitance 


Parasitic capacitance between the output terminal of a device 
and ground. 


CONV Convert (Input) | 

An input signal whose rising edge initiates sampling in a 
flash analog-to-digital converter. The input signal is 
quantized after a delay of tsTo¢. 


CreF Input Capacitance, Reference 


Parasitic capacitance between the reference input terminal 
ane analog ae 


De Differential Gain 


Differential Gain is defined as. ‘‘The difference between (1) 
the ratio.of the output amplitudes of a small high-frequency 
sine wave signal at two stated levels of a low frequency 
signal on which it is superimposed and (2) unity’’ [1]. 
Distortion-free processing of a color television signal 
demands that the amplitude of the chrominance signal not be 
affected by the luminance function. This is a relevant 
specification for the video industry since the saturation of 
the color being shown is represented by the amplitude of a 
small signal superimposed upon another signal which 
determines the brightness of the:color. The standard method 
for measuring the differential gain of.a device is by using a 
standardized test signal, known as.a modulated ramp (refer 
to. figure 5). The output of the A/D is then reconstructed by 
a reference D/A and low pass filter; the resultant signal is 
displayed on a vectorscope which is defined in reference [2]. 
During DG measurements the vectorscope display will be 
fuzzy due to quantizing errors in the A/D and D/A. The 
measurement requires interpretation of the peak-to-peak 
curvature of the center of the waveform. Figure 6 shows a 


vectorscope photo with DG testing in progress. The center 
line is indicated with a dashed line. There are theoretical 


- bounds on differential gain performance described in [3]. The 


number specified on an A/D converter data sheet is the 
difference between the actual differential gain of the device 
and the theoretical performance: Figure 7 shows the typical 
test set-up that might be used in Differential Gain testing, - 
which is described in more detail in reference [2]. 
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Figure 6. Differential Gain, Example Results 
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Denp Digital Ground 


Ground reference point for digital power supply and digital 
circuitry. | 


DP Differential Phase 


Differential Phase is defined as ‘‘the difference in output 
phase of a small, high-frequency, sine wave signal at the 
two stated levels of a low frequency signal on which it is 
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superimposed’’ [1]. Distortion-free processing of a color 
television signal demands that the phase of the chrominance 
signal not be affected by the luminance function. 


Differential phase errors appear on the T.V. screen as 
changes in the hue of the colors (tint) as the brightness 
changes. Differential phase testing is very similar to 
differential gain testing. The equipment shown in figure 7 is 
identical, and the display shown in figure 8 is similar to that 
of figure 6. The results are analyzed in the same manner as 
Differential Gain, taking the center line of the fuzzy line and 
finding its maximum peak-to-peak deviation. Reference [2] 
also describes differential phase testing of A/D converters. 
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Figure 8. Differential Phase, Example Results 


Eap Aperture Error 


Since there is an aperture of non-zero duration during which 
the A/D looks at a signal before conversion, there are errors 
introduced in the conversion. These errors are the effect of: 
aperture time (the amount of time during which the input 
signal is considered before conversion), aperture time 
uncertainty (the variation in aperture time) and aperture jitter 
which is the uncertainty in the starting instant of the 
aperture time. All of these effects are combined in a single 
parameter, Aperture Error (Ea p). Aperture errors cause a 
degradation of the SNR of the A/D converter with higher 
analog input frequencies and are estimated based upon this 
SNR degradation. 


Eg Absolute Gain Error 


The variation in the slope (gain) of the transfer function of a 
converter with respect to an established ideal transfer 
function. This error may be eliminated by adjusting the 
reference voltage or current applied to the device. 


Eip Linearity Error, Differential 


Differential non-linearity is a measure of the uniformity of 
the code midpoint spacing. Differential linearity is defined as 
the maximum of the difference between adjacent code 
midpoints and the width of one Least Significant Bit (LSB), 
divided by the width of an ideal LSB (all units are in LSBs). 
If there is a missing code, the center of that code is 
considered to be the transition which skips that code. A 
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differential non-linearity calculation is shown in figure 9. 
Another method that can be used to determine differential 
non-linearity is by a subtractive ramp test which examines 
the difference between adjacent quantization levels (see 
Ey p). This method is shown in figure 10. Differential non- 
linearity is sometimes measured with a statistical (histogram) 
test. In the histogram test the A/D converter is provided a 
full-scale sinusoidal analog input, and a large number of 
output samples are collected. The probability of obtaining 
each code is then calculated and the actual ratio of number 
of samples at that code to total number of samples is 
compared to this ideal probability. The differential linearity 
is then estimated, with the assumption that an increase in 
code width would result in a corresponding increase in the 
number of occurrences of that particular code. 


Differential Linearity Error Test Method CENTER OF CODE << 


Find maximum value of: 

|[step size - Isb width}| 

Divide above by Isb width 

Note: step size is not the same as the 


code size defined as Q. STEP SIZE 


SS SECTION OF A/D TRANSFER FUNCTION 


Figure 9. Differential Linearity Error 
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Figure 10. Differential! Non-Linearity Measurement 


E,; Integral Linearity Error 


Integral linearity is a measure of how the ideal and actual 
transfer functions of the A/D compare. The integral linearity 
error is the maximum difference between the actual and 
ideal quantization levels (the midpoint between adjacent 
threshold levels). A typical A/D transfer function showing 
different types of linearity errors is shown in figure 11. 
There are several methods for measuring integral linearity. 
Zero-based linearity is used mainly in bipolar systems with 
adjustments that allow the user to null any errors at the 
origin (the center of the transfer function). To measure zero- 
based integral linearity, a ‘“‘straight line of best fit’’ is drawn 
through the origin. Then the maximum deviation of the 
actual transfer function from this line is determined. 
Terminal-based linearity measurements are similar to the 
zero-based; however the line is drawn between the two end 
points of the transfer function. The same difference signal is 
generated, and the same method is used for interpreting the 
results. The last common method for measuring independent- 
based integral linearity involves drawing the “‘straight line of 
best fit’? through the transfer function, independent of the 
mid or end points, then calculating the error. When 
measuring integral linearity, a common test is the subtractive 


ramp test. A low-frequency. ramp is digitized by the A/D 
converter, then the signal is reconstructed with a D/A 
converter. The reconstructed signal is now subtracted from 
the original ramp with a differential amplifier and the 
difference (error signal) is displayed on an oscilloscope. The 


; i _ - STRAIGHT LINE DRAWN 
sawtooth wave displayed on the oscilloscope can now be | ~. DEVIANON WHILE PASSING 
examined for integral non-linearities. Figure 12 shows the Y THROUGH MIDPOINT 


test set-up for the subtractive ramp test, and figure 13 is a 
photo of the oscilloscope screen during such a test. Figures 
14, 15 and 16 show the measurement of zero-based, = 
terminal-based and independent-based linearity error using WAVEFORM <7 
the subtractive ramp test. 


Figure 14. Zero-Based Linearity Measurement 
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Figure 15. Terminal-Based Linearity Measurement 
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Figure 11. A/D Converter Transfer Function A/D converter. There is a parasitic (Rp) resistance between 


the Ry lead and the first resistor. The voltage drop across 
this resistor is an offset voltage between the first code 
quantization level and the voltage applied to Ry. This offset 
is referred to as Egy. The similar offset voltage at the 
bottom of the resistor chain is Egp. Egy and Eop are 

| measured by applying a known voltage to Ry and Rp and 

; measuring the difference between these voltages and the 
POU ee ae Ne HAND es oe | voltages of the first and last code transitions of the A/D 
converter. In an ideal A/D, the first transition occurs at a 
point 1/2 LSB more negative than the top of the range. 
Therefore, if the input voltage to the device is set 1/2 LSB 
closer to Rp than zero, and Vpz is adjusted to get toggling 
between codes 0 and 1, then the voltage on Ry will be 


EorT. 


DIFFERENTIAL 
OSCILLOSCOPE 


Eggs: Egts Offset Errors, Sense Connected 


To minimize the effect of offset errors, some A/D 
converters have sense outputs: These allow the use of a 
sense pin, which carries minimal current to close a feedback 
path around the reference input, resulting in lower offset 
errors. Figure 18 shows a block diagram for an A/D 
converter which has sense connections. Figure 19 shows 
how a feedback path is closed around an operational 
amplifier to make use of the offset sense point. Egps and 
Eots are the residual offset errors when the sense leads are 


pe: “ : : Se used. ; 
Figure 13. Subtractive Ramp, Example Results 
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Figure 19. Driving A Reference With The Sense Connection 


Fs Maximum Sampling Rate 


Fg is a sampling rate (samples per second) at which the 
converter is guaranteed to operate. Most flash A/D 
converters will operate reliably at any rate up to the 
maximum sampling rate, which is measured with worst case 
supply, worst case duty cycle conditions, and maximum full- 
power input frequency. 


FTc, FTp, Flip Feedthrough -clock, -data, -reference 


A measure of unwanted leakage from an input port of a 
device to another port (e.g., the analog output of a D/A 
converter), which is expressed in decibels relative to the 
full-scale value of the output. Clock and data feedthrough 
refer to spurious output noise arising from logic transitions 
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at the clock and data inputs. Reference feedthrough relates 
to output variation as a function of reference variation in a 
D/A converter when data inputs correspond to a zero output. 


Gc Peak Glitch Charge 


The maximum product of the glitch current and the duration 
of the glitch; usually given in units of picoCoulombs (pC). 
Since glitches tend to be symmetric, the average glitch 
charge is usually much less than the peak glitch charge. 


Ge Peak Glitch “Energy” (Area) 


The maximum product of the glitch voltage and the duration 
of the glitch; usually given in units of picoVolt-seconds 
(pV-sec). Since glitches tend to be symmetric, the average 
glitch area is usually much less than the peak glitch area. 


G, Peak Glitch Current 


The transient current deviation from the ideal output current 
during an input code transition. 


Gy Peak Glitch Voltage 


The transient voltage deviation from the ideal output voltage 
during an input code transition. 


Icg Input Current, Constant Bias | 


The current drawn by the input of the A/D converter is 
dependent upon frequency and voltage level of the analog 
input. The current is sometimes also dependent upon the 
phase of the convert signal. This dependence is explained 
under Igp, synchronous bias current; however, neglecting all 
of these second order effects, the. current drawn by the input 
of the A/D is Icg. This can be thought of as the sum of the 
comparator input bias currents which is dependent upon the 
input voltage level. 


Icc Supply Current | 


Icc is the current drawn by the device from the Vcc 
supply. Icc¢ is a positive valued parameter. Icc decreases 
with increasing temperatures in bipolar devices and is 
measured with Vcc at the maximum rated value. 


Ipp_ Loaded Supply Current 


Current flowing into the positive power supply terminals 
with all inputs and outputs toggling at the maximum clock 
rate, and an output test load of 500 Ohms and 40pF for 
CMOS devices. Ippy is the current measurement under 
worst case conditions. In addition to the internal or unloaded 
supply current, the output buffer now requires current to 
charge and discharge the load capacitance. This parameter is 
frequency-dependent. (See Ippg and Ippyu for CMOS 
supply current under different measurement conditions.) -. 


Note: 1. All currents are defined as positive when flowing into the device. 


lppo Auiescent Supply Current | 
Current flowing into the positive power sipply: serine: 


under quiescent conditons for CMOS devices. If the inputs 


are tied LOW, and the outputs are in a high-impedance 
state, no gates are switching. As a result, the p-channel and 
n-channel transistors that compose the. basic CMOS gate are 
neither charging nor discharging stray capacitance, and only 
leakage current flows into the positive supply. (See Inpny 
and Ippy for CMOS supply current under different 
measurement conditions.) 


Ippy Unloaded Supply Current 


Current flowing into the positive power supply sraiiale of 
a CMOS device with all inputs toggling at the maximum 
clock rate, and the outputs in a high-impedance state.. With 
the device unloaded, Ippy includes only the components 
that contribute to the internal current: the leakage current 
when the gate is in a ‘‘O”’ or ‘‘1”” state, and the current 
drawn during a gate transition. An increase in average gate 
switching frequency will lead to an increase in current. (See 
IppqQ and Ippz for CMOS supply current under different 
measurement conditions.) 


leg Supply Current | 


IpRA is the current drawn by the device from the Vep 
supply. Since Ipp is referenced to a negative supply, it is a 
negative valued parameter (current flows out of the device). 
In TRW bipolar devices, Ipp decreases with increasing 
temperatures and is measured with the maximum (most 
negative) rated Vpp. 


I; Input Current, Maximum Input Voltage | 


Current flowing into a digital input under worst-case power 
supply and input voltage conditions. 


liq Input current, Logic HIGH | 


Ij is the current drawn by a digital input to the device 
when the potential of the terminal is in the logic HIGH 
state. 


Iii ‘Input Current, Logic LOW! . 
yy, 18 the current drawn by a digital input to the device 


when the potential of the terminal is in the logic LOW state. | 


Ipf Output Offset Current’ 


The residual output current of a D/A converter that flows 
when all internal current sinks are switched off. 


Io Output Current, Logic HIGH’ 


Toy is the maximum current that can be forced into (this is 
a negative value, therefore current flow is out of the device) 
an Output terminal in the HIGH state, while potential at the 
terminal remains within the Voy specification. 


Io Output Current, Logic LOW! 


Io is the maximum current that can be forced into an 
output terminal on the LOW state, while the potential at the 
terminal remains within the Voy_ specification. 


lon Maximum Current, - Output | 


The maximum current that Hows into the ““OUT-”’ output of 
a D/A converter. . 


Igp Maximum Current, + Output 


The maximum current that flows into the ‘“‘OUT+’’ output 
of a D/A converter. 


Igg Output Short Circuit Current | 


The current flowing from an output when the output is short 
circuited to ground while in the logic high state. This 
specification is usally indicated only on TTL compatible 
devices. 


Incr Reference Current 


Current Flowing into or out of the reference input terminals 
of an A/D or D/A converter. © 


Igg Input Current, Synchronous Bias 


In some flash converters, the current flowing into the analog 
input varies slightly depending upon the state of the CONV 
signal. If the comparators are in the track mode (CONV 
LOW), then the input current is greater, and the amount of 
this current change is ISB, synchronous bias current. 


MSPS Megasamples Per Second 


The abbreviation for the conversion rate (clock or convert 
frequency) at which an A/D or D/A converter is operating. 


NPR Noise Power Ratio 


‘‘NPR is the decibel ratio of the noise level in a measuring 
channel with the baseband fully noise loaded to the level in 
that channel with all of the baseband noise loaded except the 
measuring channel: [4]. To test NPR, the input of the A/D 
converter is presented with white noise having a frequency 
spectrum from low frequencies up to 1/2 the sampling rate. 
The power of the input noise is adjusted so that the 
converter is fully loaded, but not clipping excessively. The 
output of the A/D converter is then converted back into an 
analog signal with a D/A. The D/A output is passed through 
a very narrow band pass filter, and the output power of the 
signal is measured. The process is now repeated, but with a 
notch filter at the input of the A/D converter. The ratio of 
the two measured powers is the Noise Power Ratio, and is 
often expressed in dB: 


NPR = 10 log)¢(ratio) 
NPR is often used to determine how much noise. will 


‘*bleed’’ into one channel from other channels in a 
broadband, frequency domain multiplexed system. 


PREL Preload (Control) 


A control signal which determines (in conjunction with the 
three-state control pins) which of three signals is to be 
loaded into the output register at the rising edge of the 
product clock: the result of the calculations which were just 
performed, the present contents of the output register, or a 
value applied to the output port by external circuitry. 


Note: 1. All currents are defined as positive when flowing into the device. 
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PSS Power Supply Sensitivity 

A measure of DC variation of an output under consideration 
(e.g., the analog output of a D/A converter) as the power 
supply voltage is varied around the nominal value. PSS is 
specified in milliAmps or milliVolts of pOulnut change per 
Volt of supply change. 


PSRR Power Supply Rejection Ratio 


A measure of high-frequency noise rejection from the power 
supply inputs of a device to the output under consideration 
(e.g., the analog output of a D/A converter). Expressed in 
decibels relative to full-scale output. Generally, PSRR 
decreases with increasing frequency and for this reason is 
often specified at more than one frequency. 


Q, CS Code Size 


Code size is the size of the individual codes, from code 
transition to code transition. It is often expressed as a 
percentage of the ideal code size. The ideal code size is 
given by: 


Input Voltage Range 
aN 


Where N is the number of bits of resolution of the A/D 
converter. 


Q is also defined as the total number of quantizing levels or 
codes output by a converter (2x) with N being the number 
of bits of resolution provided by the A/D. 


RES Resolution 


The smallest level separation (input level of A/Ds and output 
level for D/As) that is unambiguously distinguishable over 
the full-scale range of a converter. It is expressed as a 
percentage of full-scale or as an equivalent number of bits, 
usually the number of data inputs of a D/A or data outputs 
of an A/D converter. 


Rin Analog Input Impedance 
Although the input impedance of a flash A/D converter is 


largely capacitive, it does have a resistive component which | 


is approximated with Ryj the input resistance. RyjN varies 
with the input voltage. 


Rg Equivalent Output Resistance 
The effective equivalent resistance between an analog output 
terminal of a D/A converter and analog ground. . 


Race Reference Resistance 


RRFF is the total resistance of the entire reference resistor 
chain, including parasitics. It can be measured directly 
between Ry and Rg. Another method of testing RREF is to 
calculate it from IRpR and (VpT - Vpp)- 


Rg Register Shift (Control) 


A control signal which changes the output format to permit 
a valid result for the product of two most negative numbers. 
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SNR _ Signal-To-Noise Ratio 


The signal-to-noise ratio is the ratio of the value of the 
signal to that of the noise. The values of the signal and of 
the noise are usually RMS, but for some signals such as 
video, it is defined as peak-to-peak signal vs RMS noise, 
because it is difficult to determine the RMS value of a video 
signal, and the meaning of peak-to-peak noise is not a useful 
parameter. The signal-to-noise ratio of an A/D converter 
provides a good figure of merit for the dynamic accuracy of 
the device. To test SNR, the A/D converter is given a high. 
purity sine wave input. This is sampled at a non-harmonic 
sampling rate and the output of the A/D converter is stored 
in memory. The data from the A/D are then transformed 
into the frequency domain with a Fast Fourier Transform 
(FFT) and analyzed to determine the SNR. When analyzing 
the data most of the ’’noise’’ will be located at the harmonic 
frequencies; therefore the SNR is a good estimate of total 
harmonic distortion. The analysis method takes the RMS or 
peak-to-peak voltage of the signal, and divides it by the 
RMS value of the noise. SNR is usually expressed in dB 
with the formula below: 


SNR = 20 logig ——— 


SUB Subtract (Control) 


A control signal which determines whether the present 
contents of the output register is added to (SUB = LOW) or 
subtracted from (SUB = HIGH) the product at the output. 


Ta Ambient Temperature 


For standard temperature range devices, the temperature _ 
range is specified in terms of the ambient temperature (still 
air) surrounding the converter. 


Tc Case Temperature 


For extended temperature range devices, the temperature iF 
range is specified in terms of the case temperature. 


TC Two's Complement (General Definition) 


Two’s complement is a binary numbering system in which 
the Most Significant Bit (MSB) carries the sign information 
by virtue of a negative place value. In two’s complement, an 
MSB of ZERO signifies a positive number, a ONE denotes 
a negative number, and the negative number order is 
reversed from straight binary. That is, the number which 
consists of all ONEs is the least negative number, and the 
number which consists of a ONE and all ZEROs is the most 
negative number. 


TC Two's Complement (Control) — 


An active HIGH signal which designates one or both inputs 
as two’s complement numbers. If TC is LOW, unsigned 
magnitude processing will be used. Note that some parts 
allow independent designation of each input as two’s | | 
complement or unsigned magnitude, and other parts do not. 


TCg Gain Error Tempco 


The factor which linearly approximates the variation with. 
temperature of Absolute Gain Error, Eg. 


Teo Temperature Coefficient 


Tco is the factor which linearly apexes the variation : 


with temperature of Offset Errors (Egy, Eos). This is a 
first order approximation and the actual temperature 
coefficient is a function of temperature which may exceed 
the maximum of Tco in some temperature ranges. 


tp Output Delay ~ 


tp is the time between the rising eee of the CONV digaai | 


and the time at which the output data from the A/D is 
guaranteed to be stable. On many TTL flash A/D 


converters, this delay can be reduced by the addition of pull- 


up resistors from the data outputs of the device to the Vcc 
supply. This output delay is measured with the test load 
specified in the corresponding data sheet. 


ty Hold Time 


The time period after the operative edge of CLK signal 
during which input data must be constant in order to be 
correctly registered. 


tHo Output Hold Time 


The time from the rising edge of the convert signal to the 
time when the output data lines begin to change. 


tpy Pulse Width 
The time period between consecutive edges of a logic pulse. 


tpwH Pulse Width High 


tpwH is the minimum width high CONV pulse with which 
the A/D will accurately operate if all other specifications are 
met. tpywy is measured from the 1.3 Volt level of the rising 
edge of the CONV signal to the 1.3 Volt level of the falling 
edge of the CONV signal on TTL compatible devices. If the 
CONV signal has a low portion of tpwrz, and a high 
portion of tpwy, the device may be exceeding Fg in which 
case it may not operate properly. The performance of many 
A/D converters performance can be improved by making 
tpwH as long as possible. 


tpw Pulse Width Low 

tpwL is the minimum width low CONV pulse with which 
the A/D will accurately operate if all other specs are met. 
tpwL is measured from the 1.3 Volt level of the falling 


edge of the CONV signal to the 1.3 Volt level of the rising — 


edge of the CONV signal on TTL compatible devices. 


_ TRIL Three-State Least Significant Product (Control) 


- A control which enables the output state for the least 
significant product when in the LOW state, and places the 
output stage for the least significant product i in the high- 
impedance state when HIGH. | 


TRIM Three-State Most Significant Product + (Control 


A control which enables the output stage for the most 
significant product when in the LOW state, and places the 
output stage for the most significant pica. in the high- 
impedance state when oe | 


ts Setup Time 


The time period prior to the operative ve of fis diode 
signal during which input cue must be stable in order to be 
correctly ice ieiee: ic 3 


TSL Three. State Least Significant Product (Control) 
A control which enables the output stage for the least 


- significant product when in the LOW state, and places the ~ 


output stage for the. least significant product in the high- |. 
impedance state when HIGH. A HIGH on this control also | 
forces the most significant product. section of the output: 
register to be preloaded at the rising edge of the. product 
clock when PREL is active. | 


TSM Three-State Most Significant Product (Control) | 


A control which enables the output stage for the most 
significant product.when in the LOW state, and places the 
output stage for the most significant product in the high- 
impedance state when HIGH. A HIGH on this control also 
forces the most significant product section of the output 
register to be preloaded at the rising edge of the product 
clock when PREL is active. 


tsTo Sampling Time Offset 

Sampling time offset is the time interval between the rising 
edge of the CONV signal and the actual instant at which the © 
A/D samples the input signal. 


TSX Three-State Extended Product (Control) 


A control which enables the output stage for the extended 
product when in the LOW state, and places the output stage 
for the extended product in the high-impedance state when 
HIGH. A HIGH on this control also forces the extended 
product section of the output register to be preloaded at the 
rising edge of the product clock when PREL is active. 


trp Transient Response 


tpR is the amount of time required for the converter to 
recover from a fullscale input transition, before valid data 
can be produced. The comparators in a flash A/D converter 
have a finite slew rate and a finite settling time. If a device 
is presented with a full-scale input change (which exceeds 
that slew rate), it takes tpp for the input circuit to recover 
and provide accurate data. 


Vacnp Analog Ground Voltage 


Potential of the analog ground terminal with respect to. the 
digital ground terminal. 


Vcc Positive Supply Voltage 


The positive power supply voltage required for operation of - 
a device. | 


VeEA: VEED: Vee Supply Voltage 

VEE is the negative supply voltage. On converters with both . 
digital and analog negative supplies, the analog supply is 
denoted VppA, and the digital supply is VEED. 
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Vicm Input Voltage, Common Mode Range 


The operational limit over which a differential logic input 
voltage may be varied. 


Ving Input Voltage, Differential 


The voltage difference between a logic input and its 
complementary input. 


Vin Input Voltage, Logic HIGH 


The voltage required on a digital input in order for that 
input to be forced to a valid logic HIGH state. 


Vit Input Voltage, Logic LOW 


The voltage required on a digital input in order for that 
input to be forced to a valid logic LOW state. 


Vocn Voltage Compliance, - Output 


A measure of the range over which the output voltage of a 
current generator may be varied. Vocn is the voltage 
compliance of the - output of a D/A converter. | 


Voce Voltage Compliance, + Output 


Vocp is the voltage compliance of the + output of a D/A 
converter. See Vocn. : 


Voy Output High Voltage 

The potential at an output terminal in the high state with 
respect to digital ground, when loaded with the test load 
defined in the data sheet. Voy is measured with Vcc ata 
minimum. 
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Voz Output Low Voltage 


The potential at an output terminal in the low state with 
respect to digital ground, when loaded with the test load 
defined in the data sheet. Voy is measured with Vcc set to 
the maximum value. 


Vozs Output Voltage, Zero Scale 


The residual output voltage of a D/A converter that appears 
at its Output when all internal current sinks are switched off. 


Vpp Reference Bottom Voltage 


The potential of the Rp terminal with respect to analog 
ground. 


Vam Reference Middle Voltage 


The potential of the Ry terminal with respect to analog 
ground. 


Vat Reference Top Voltage 


The potential of the Ry terminal with respect to analog 
ground. 
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TP-35 “High-Speed Color Palette Memory for the TDC1034 
Graphics-Ready DAC” by D. Watson. 

Design of a Color-Palette Memory for 4 and 8-bit 
‘‘Graphics-Ready’’ A/D converters is described herein. 
Included are a block diagram and detailed schematic for 
3x256x4 Color-Palette. Other related information is given 
for CRT graphics applications. 7 


TP-36 ) “Using Matrix Notation to Build Image Manipulation 
Algorithms with the TMC2301 Image Resampling Sequencer” 


by Dr. J. Eldon and R. Wegner. 


The Image Resampling Sequencer is a powerful device for 
many image manipulation problems. To fully utilize the 
device the user must understand the role of the image 
transformation coefficients. This application note discusses 
how coefficients can be determined using matrix notation 
and mathematics based on the desired image transformation. 


TP-37 “Using the TMC2301 Image Resampling Sequencer” 

by Dr. J. Eldon and R. Wegner. 

The TMC2301 is a image transformation controller/address 
generator, around which a imaging system can be built to 
perform filtering, rotation, warping, panning, zooming and 
compression of images in real-time. This device provides a 
simplified approach to complex, logic intensive imaging 
problems. This application note discusses basic TMC2301 
imaging systems, device operation and timing. It covers use 
of the device such as: static filtering and image resampling, 
as well as applications examples. 
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TP-1A ‘‘Multiplier-Accumulator Application Notes’’ by 
Louis Schirm IV. 


An introduction to the use of MACs as the basic building 
blocks of all Digital Signal Processing (DSP). The 
construction of various kinds of filters, complex 
multiplication and Fast Fourier Transforms (FFTs) using 
discrete MACs is covered. Many of TRW LSI’s most recent 
DSP products integrate several MACs on a single chip 
utilizing these techniques. 


TP-2A ‘‘Monolithic Bipolar Circuits for Video Speed 
Data Conversion’’ by Willard K. Bucklen. 


This application note describes TRW LSI’s development of 
the world’s first monolithic video ADC, the TDC1007, as 
well as other A/Ds and D/As. It is an excellent introduction 
to the operation of high-speed flash, successive- 
approximation and sub-ranging A/Ds, digital error correction 
and low-glitch, high-speed DACs. 


TP-6A ‘‘Introduction to the Z Transform and Its 
Derivation”’ by R. J. Karwoski. 


An introduction to the mathematics involved in most DSP 
systems. It is written to provide newcomers to the digital 
field familiar with analog signal processing a clear 
explanation of the use of the Z transform. The Z transform 
is a means of analysis and synthesis of digital and mixed 
signal (analog-digital) systems. This paper is designed to 
clarify many of the crucial issues that are omitted from most 
introductory texts. 


TP-9A ‘‘A Four-Cycle Butterfly Arithmetic Architecture”’ 
by R. J. Karwoski. 


Covers in detail the use of discrete multiplier-accumulators 
to implement Fast Fourier Transforms (FFTs). The 
‘‘Butterfly’’ is a computational architecture with which this 
function is realized. Many of these techniques have been 
employed in the design of TRW LSI’s dedicated FFT 
processor, the TMC2310, which integrates several MACs on 
a single monolithic chip. (The TMC2310 is currently 
recommended over the older, more complex application of 
many discrete MACs for the FFT function.) 


TP-17B ‘Correlation - A Powerful Technique for Digital 
Signal Processing’? by Dr. J. Eldon. 


Correlation techniques find use in communications, 
instrumentation, computers, telemetry, sonar, radar, medical, 
and other signal processing systems. Electronic systems that 
perform correlation have been around for years, but they 
have been bulky and inefficient. The development of a 
family of correlators by TRW makes this powerful technique 
practical for a wider range of applications. 
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TP-18 ‘‘LSI Multipliers Applications Notes’’ 


This application note covers four topics. It shows 1.) how to 
connect multipliers to increase the precision (number of bits) 
in a multiplication operation, 2.) how to receive the correct 
results when using multipliers in two’s complement systems 
when lower precision (fewer bits) is required, 3.) how to 
multiplex multipliers to achieve higher speeds, and 4.) 
division using multipliers. (Of course, TRW also makes the 
world’s only monolithic digital divider chips, the TMC3210 
floating-point divider and the TMC3211 integer divider.) 


TP-i9 *‘Non-Linear A/D Conversion” by B. Friend. 


Describes a method of dynamically modulating the reference 
of a flash A/D converter to achieve a desired non-linear 
transfer function. Developed for a high energy physics 
experiment, this technique has applications in numerous 
other fields. 


TP-22 ‘‘A guide to the Use of the TDC1028; a Digital 
Filter Building Block’’ by F. Williams. 


Discusses word and tap sizing of Finite Impulse Response 
(FIR) digital filters, and the implementation of filters with a 
variety of lengths and word sizes. Includes a circuit to 
autoload coefficients. — 


TP-30 ‘‘Understanding Flash A/D Converter 
Terminology’’ by M. Sauerwald. 


Definitions of terms that TRW uses in A/D converter 
datasheets. 


TP-31 ‘‘An Introduction to Two Different Finite Impulse 
Response Structures”? by F. Williams. 


Digital filtering is a rapidly expanding field, and the design 
process is not dramatically different from design techniques 
for high-performance analog filters. However, due to the 
flexibility of the digital approach, additional design decisions 
are necessary. This note presents the Tapped-Delay and the 
Frequency-Sampling forms of Finite Impulse Response (FIR) 
filters, with theoretical discussions. 


TP-33 ‘‘Using the TDC1018 and TDC1034 in a TTL 
Environment’’ by D. Watson. 


It is becoming an increasingly common practice to use 
components designed for ECL systems in a +5¥V only 
environment, interfacing them to TTL logic signals. Using 
the TDC1018 and TDC1034 D/As as examples, this note 
describes how that interface is accomplished, including data 
level shifting, D/A output level shifting, and noise 
considerations. | 
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TP-39 ‘‘Interfacing the TMC2301 To Resanipling 
Sequencer’? by Dr. John Eldon and Robert Cordova 


The TMC2301 is a powerful device for image warping, 
rotation, panning, zooming, filtering, and other operations. It 
operates by calculating the addresses of input image pixels 
that correspond to each output pixel as the output image is 
scanned. User-selectable coefficients determine the locations 
of the pixels that are chosen and therefore the transform that 
is performed. This application note specifically addresses the 
application of the TMC2301 towards nearest neighbor 
resampling, bilinear interpolation (4 pixel kernels), and 
interpolation using kernels larger than 4 pixels. 


TP-40 ‘‘Non-Linear Operations with the TMC2301 Image 
Resampling Sequencer”? by Dr. John Eldon and John 
Watson. 


The TMC2301 may be used to provide both linear (all 
straight lines in the image remain straight) and non-linear 
(straight lines may become curved) image transformations. 
Ordinary pan, zoom, and rotate operations are linear 
transformations. This application note guides the user 
through the use of the TMC2301’s higher-order 
transformation coefficients to provide warped, twisted and 
curved (or unwarped, untwisted and uncurved) images. 


Application Note Cross - Reference 


Part Number | 


Related App Notes 


MPY208K TP18 
MPY28KU TP18 
MPY216H TP18 
TAC1020 TP30 
TAC1025 TP30 
TDC1001 TP2A, TP30 
TDC1007 TP2A, TP30 
TDC1014 TP2A, TP30 
TDC1016 TP2A 
TDC1018 .. TP33 
TDC1020 TP30 
TDC1025 TP30 
TDC1028 TP22, TP31 
TDC1029 TP30 
TDC1034 TP33 
TDC1035 TP30, TP44A 
TDC1038 TP30 
TDC1044 TP30 
TDC1046 TP19, TPTP30 
TDC1047 TP30 
TDC1048 TP30 
TDC1049 TP30 
TDC1058 TP30 


TP-44A “Maximum and Minimum Value Detection with 
the TDC1035 Peak Digitizer’? by Mark Sauerwald. 


The TDC1035 is the world’s only monolithic device that. 
simultaneously detects and digitizes the peak value of a_ 
signal to 8 bit precision at high rates. This application note © 
covers the practical application of two TDC1035s to the | 
simultaneous capture of both positive and negative peak 
values. It includes schematics and circuit board patterns for a 
digital ‘‘glitch catcher’’ 


TP-45A “Designing with the THC1200 A/D Converter 
Family”? by Gerry Quilligan. | 


The THC1200, THC1201 and THC1202 A/D converters are 
the most versatile collection of 12-bit high-speed A/D 
converters available. This application note helps the user 
obtain the highest performance from these devices through 
proper grounding and ground plane technique, controlling 
common mode noise and impedance, power supply selection 
and decoupling, printed circuit board layout, and digital data 
and clock signal termination. Low-jitter clock generation, 
thermal considerations, and A/D converter testing are also 
discussed. 


Part Number 


Related App Notes 


TDC1112 TP33 

TDC1147 TP30 

TDC1318 TP33 

TDC1334 TP33 

THC1068 TP30 

THC1069 TP30 

THC1070 TP30 

THC1200 TP30, TP45 
THC1201 TP30, TP45 
THC1202 TP30, TP45 
TMC2023 TP17B 
TMC2208 TPIA | 
TMC2210 TP1A, TP9A, TP31 
TMC2220 TP17B 
TMC2221 TP17B 
TMC2243 TP22 

TMC2301 TP39, TP40 
TMC2302 TP39, TP40 
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Ordering Information 


Product Numbering System 
10 NO C 


TC _-a22 1 : 
bee Electrical Variation (option) 


Temperature Range and Screening 
Package 


eet ree meena nee erento G Device Number 


Device Family 


Screening 


A - High Reliability, Tc = -55°C to 125°C 
B - Industrial, To = -25°C to 85°C 

C - Commercial, Ta = 0°C to 70°C 

F - Commercial, To = -55°C to 125°C 

V - 833 Compliant, Tc = -55° to 125°C 


Sales Offices 


Headquarters and Principal U. S. Sales Offices European Sales Offices 
TRW LSI Products Inc. TRW LSI Products Inc. 
P.O. Box 2472 Konrad - Celtis Strasse 81 
La Jolla, CA 92038 D8000 Muenchen 70, Deutschland 
4243 Campus Point Court Phone: 89-7103-0 
San Diego, CA 92121 FAX: 89-7103-80 


Phone: (619) 457 - 1000 


FAX: (619) 455 - 6314 
INTERNET: TRW LSI Products Inc. 


switchboard %trwa.decnet @ sdfvax.rc.trw.com 
sales%otrwa.decnet @ sdfvax.rc.trw.com 
applicationsYotrwa.decnet @ sdfvax.rc.trw.com 


Asian Sales Office 


TRW LSI Products Inc. 

Park City Mizonokuchi a-901 

379-1 Mizonokuchi, Takatsu-Ku 

Kawasaki-Shi City, Kanagawa Prefecture, 213 
Japan 


Phone: 44-844-5673 
FAX: 44-844-4679 


Unit 28 

Frederick Sanger Road 
Guilford, Surrey GU2 5YD 
England, United Kingdom 


Phone: 483-302364 
FAX: 483-302365 
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@ A/D Converters 

@ D/A Converters 

@ Linear Products 

®@ Signal Synthesis 

@ Imaging Products 

@ Transform Products 

@ Correlators 

© Vector Arithmetic/Filters 
© Fixed-Point Arithmetic 
© Floating-Point Arithmetic 
©, Memory/Storage 


